Quantitative trait loci for soybean seed yield in elite and plant introduction germplasm by Smalley, Matthew David
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2002
Quantitative trait loci for soybean seed yield in elite
and plant introduction germplasm
Matthew David Smalley
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Smalley, Matthew David, "Quantitative trait loci for soybean seed yield in elite and plant introduction germplasm " (2002).
Retrospective Theses and Dissertations. 1418.
https://lib.dr.iastate.edu/rtd/1418
Quantitative trait loci for soybean seed yield in elite and plant introduction germplasm 
by 
Matthew David Smalley 
A dissertation submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
DOCTOR OF PHILOSOPHY 
Major: Plant Breeding 
Program of Study Committee: 
Walter R. Fehr, Major Professor 
Madan K. Bhattacharyya 
E. Charles Brummer 
Rohan L. Fernando 
Kendall R. Lamkey 
Leon G. Streit 
Iowa State University 
Ames, Iowa 
2002 
UMI Number: 3098487 
UMI 
UMI Microform 3098487 
Copyright 2003 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
ii 
Graduate College 
Iowa State University 
This is to certify that the doctoral dissertation of 
Matthew David Smalley 
has met the dissertation requirements of Iowa State University 
For Major Program
Signature was redacted for privacy.
Signature was redacted for privacy.
iii 
TABLE OF CONTENTS 
INTRODUCTION 1 
LITERATURE REVIEW 4 
MATERIALS AND METHODS 13 






Genetic improvement for yield in soybean [Glycine max (L.) Merrill] has been 
accomplished by breeding within a narrow elite gene pool. Plant introductions (Pis) may be 
useful for obtaining additional increases in yield if unique and desirable alleles at quantitative 
trait loci (QTL) can be identified. The objectives of the study were to identify QTL for yield 
in elite and PI germplasm and to determine if the Pis possessed favorable alleles for yield. 
Allele frequencies were measured with simple sequence repeat (SSR) markers in three 
populations that differed in their percentage of PI parentage. AP10 had 40 PI parents, API 2 
had 40 PI and 40 elite parents, and API 4 had 40 elite parents. Four cycles of recurrent 
selection for yield had been conducted in the three populations. Nei's genetic distance 
indicated that AP10, AP12, and AP14 remained distinct through cycle 4 (C4), but that the 
genetic diversity narrowed within each population. Less gametic phase disequilibrium 
(GPD) was observed in the parents used to form the cycle 0 (CO) populations than in C4 of 
AP12 and AP14. Allele frequencies of the highest-yielding C4 lines in the three populations 
were compared with the parents used to form the populations of the initial cycles. Allele 
flow was simulated to account for genetic drift. Ninety-two SSRs were associated with 56 
yield QTL. Nine of the QTL had been identified in previous research. Thirty-three favorable 
marker alleles were unique to the PI parents. The restriction of alleles from the 40 CO 
parents to the 20 cycle 1 (CI) parents of AP10 was reflected in the number of alleles that had 
frequency changes and could explain the reduced genetic variance for yield in the C4 of 
AP10. Genetic asymmetry may account for the different genetic gain for yield that had been 
observed between AP10 and AP14. 
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INTRODUCTION 
Soybean [Glycine max (L.) Merrill] possesses a rich history that dates back thousands 
of years to East Asia (Probst and Judd, 1973). In contrast, soybean has a relatively brief 
history in the U.S. During the early 20th century, soybean was grown primarily as a forage 
crop in the U.S. Soybean has transitioned gradually into an oilseed crop and has become the 
dominant U.S. oilseed (Smith and Huyser, 1987). The National Agricultural Statistics 
Service, NASS, (2002) estimated that 29.8 million hectares of soybean and 29.6 million 
hectares of maize (Zea mays L.) were harvested for grain in the U.S. in 2000. Soybean has 
emerged as one of the most important crops in the U.S. 
Average U.S. soybean seed yield has increased an average of 22.51 kg ha"1 yr"1 from 
1924 to 2001 (Fig. 1; NASS, 2002). The cause of the yield increase can be attributed to 
multiple factors including improved cultural practices and technologies, allocation of better 
land for culture, and improved genetic potential for cultivars. The yield increase that can be 
credited to genetic gain was estimated to be 16.1 kg ha"1 yr"1 based on replicated trials by 
Luedders (1977) of landmark cultivars released from 1920 to 1970 (Specht and Williams, 
1984). 
Specht and Williams (1984) reported a yield increase for soybean of about 21 kg ha"1 
yr"1 from 1924 to 1980. They estimated that 18.8 kg ha"1 yr"1 was caused by genetic 
improvement. The yield improvement included a 15 to 25 % genetic gain during the 1940s 
when planned hybridization replaced selection within plant introductions. The shift in 
strategy and resulting genetic gain was comparable to that of the replacement of open-
pollinated maize cultivars with hybrids. Specht et al. (1999) found the rate of yield gain was 
22.6 kg ha"1 yr"1 for the period 1924 to 1997. In recent years, the portion of increased yield 
attributable to genetic gain was approximately double that of previous estimates (Specht et 
al., 1999). 
Early soybean cultivar development involved mass selection and single-plant 
selection in heterogeneous plant introductions (Pis). Planned hybridization was first 
practiced during the 1930s (Fehr, 1987a). The breeding strategy most often used for yield 
improvement since that time has been to develop a segregating F% population from the cross 
of two elite lines with divergent pedigrees, self-pollinate desirable individuals, and derive 
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Figure 1. U.S. soybean yields during the period 1924 to 2001 (NASS, 2002). 
homogenous lines consisting of homozygous plants (Fehr, 1987b). This strategy has proved 
effective, but gains have come at the expense of genetic variability (Luedders, 1977; Boerma, 
1979; Wilcox et al., 1979; St. Martin, 1982; Delannay et al., 1983; Specht and Williams, 
1984; Gizlice et al., 1993; Gizlice et al., 1994; Sneller, 1994; Kisha et al., 1998; Specht et al., 
1999). In 1963, Johnson and Bernard warned that the shrinking genetic variability of the 
soybean breeding pool might limit genetic gain in the future. Ludders (1977) and Specht and 
Williams (1984) presented data that supported this claim, but data from 1972 to 1997 
provided no evidence that genetic gain for yield has slowed (Specht et al., 1999). 
Pis provide a means to increase genetic diversity in the soybean breeding pool; 
however, most of the Pis do not yield as well as elite germplasm. Pis have been used for 
many years in an attempt to increase the genetic variability for yield in the elite gene pool. 
The use of Pis has been less successful than selection within populations formed by the cross 
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of elite cultivars or lines. For Pis to be useful in the short-term, alleles at yield quantitative 
trait loci (QTL) must be identified in PI germplasm that are more desirable than alleles in 
elite germplasm. Unique PI alleles must be reliably transferred to elite germplasm. 
Molecular markers may be one tool to identify and introgress unique yield QTL from Pis. 
The objectives of the study were to identify yield QTL in elite and PI germplasm and to 
determine if Pis have contributed unique alleles to lines that are the result of several cycles of 




The diversity of the genetic base of soybean has been extensively investigated 
(Delannay et al., 1983; Gizlice et al., 1994; Sneller, 1994). U.S. soybean cultivars are 
grouped by relative maturity into northern and southern cultivars. Northern cultivars 
encompass maturity groups 00 to III while southern cultivars include maturity groups IV to 
VIII (Fehr, 1987a). Delannay et al. (1983) evaluated 158 North American cultivars using 
coefficient of parentage (CP) analysis to determine the relative genetic contributions of the 
cultivars to the northern and southern U.S. gene pools over four time periods. They 
determined that 10 ancestors contributed 80% of the alleles to the northern pool, and as few 
as seven ancestors contributed 80% of the alleles to the southern pool. For the purpose of 
their study, no relationship among the ancestors was assumed. Many of the important 
ancestors originated from the same geographic region, which suggests that the genetic base 
may be more limited than reported. 
In the time since the Delannay et al. (1983) study, the pedigrees of several important 
cultivars have been updated. Gizlice et al. (1994) used the updated pedigrees to evaluate 258 
North American cultivars with CP analysis. They found that six ancestors contributed 50% 
of the genes to the North American genetic base. The cultivar 'Lincoln' contributed 25% of 
the alleles to the northern gene pool. 
Kisha et al. (1997) addressed the relationship between genetic distance and genetic 
variability. Genetic distance, estimated by restriction fragment length polymorphism (RFLP) 
markers and CP analysis, was not a reliable predictor of genetic variability, but was useful to 
identify groups of crosses that will produce greater genetic variability. A population that 
contains greater genetic variability should increase the probability of transgressive 
segregants. 
Plant Introductions 
Plant breeders continually strive to produce higher yielding cultivars and to accelerate 
genetic gain for yield. They have incorporated PI germplasm into breeding programs for 
many years, particularly major alleles for disease resistance traits. Breeders generally have 
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been more successful in the improvement of yield by selecting within populations formed 
with elite parents than within populations that contain PI germplasm. Pis have three major 
drawbacks that have limited their usefulness in the improvement of yield. They possess 
favorable alleles at low frequencies, have undesirable linkages, and often are unadapted to 
the U.S. Schoener and Fehr (1979) and Velio et al. (1984) reported that Pis are more useful 
to achieve long-term rather than short-term goals of yield improvement. If favorable alleles 
for yield that are unique to Pis can be identified, then they may be more useful in short-term 
yield improvement. 
Quantitative Trait Loci Analysis 
QTL are DNA regions that contain genes that control the expression of quantitative 
traits. A diverse array of genetic and statistical tools has been developed to identify QTL in 
plants. Genetic materials include recombinant inbred lines (RILs), nearly-isogenic lines 
(NILs), Fz populations, and backcross populations (Lynch and Walsh, 1998). These genetic 
materials have been effectively analyzed with single factor analysis (Falconer and Mackay, 
1996), interval mapping (Lander and Botstein, 1989), and composite interval mapping (Zeng, 
1994). Each analysis involves the use of two inbred lines to form a segregating population 
that has linkage disequilibrium (LD) between a QTL that causes a measurable phenotypic 
effect and adjacent genetic markers. Segregants in the population are scored for the 
phenotypic trait and for the genetic markers. 
QTL mapping in bi-parental populations has several limitations. The results of the 
analysis are limited by the amount of polymorphism that exists between the parents of the 
population and by the error involved in the measurement of the phenotype (Lynch and 
Walsh, 1998). Identification of QTL in plants has been successful, but the application of 
QTL to plant breeding has been problematic. Selection for a known QTL in a population 
other than the mapping population is dependent on (i) whether segregation is present for the 
marker and the QTL in a new population, (ii) if the phase of linkage (coupling or repulsion) 
between the marker and the QTL differs between populations, and (iii) epistasis with other 
QTL in the populations (Dudley, 1993). QTL utility often requires the effect of the QTL to 
be important in populations other than the original mapping population. Beavis et al. (1991) 
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provided an example from maize of the difficulty in finding common QTL between mapping 
populations. This difficulty has been demonstrated in soybean as well (Orf et al., 1999a). 
Breeding programs utilize a large number of parental lines that often have a wide 
range of diversity. Efficient utilization of QTL in breeding programs might be more 
commonly achieved if the populations used to map QTL reflected the diversity of a 
comprehensive breeding program. Animal and human geneticists have long utilized complex 
pedigrees in QTL analysis because the inbred lines and the large populations necessary to 
map QTL have been difficult or impossible to develop. The statistical methods developed 
for human and animal genetics are available for application to plant genetics. Bink et al. 
(2002) described recently a method for QTL detection in pedigreed plant breeding programs. 
According to Jannink et al. (2001), the benefits of using pedigreed populations in plants are 
that (i) more QTL variation is available because a greater number of parents can be sampled, 
(ii) the results from pedigreed QTL investigations are more likely to be useful to plant 
breeders because the populations are the same as, or at least more similar to breeding 
populations, (iii) phenotypic data from previous selection experiments is utilized instead of 
incurring the cost and potential inaccuracies of phenotyping members of a mapping 
population, and (iv) seeds can be maintained for many years for retrospective QTL analysis. 
The association of changes in marker allele frequencies with the selection of QTL 
alleles is an alternative strategy to bi-parental QTL mapping. Changes in allele frequency 
can be attributed to migration, mutation, selection, sampling, and inbreeding (Falconer and 
Mackay, 1996). The effect of migration should be negligible in an effective recurrent 
selection program. The probability that a mutation will occur is low, so mutations are not 
expected to have a large effect on allele frequencies in recurrent selection. The effective 
population size (Ne) grçatly affects the sampling and inbreeding within a population and has 
a large effect on allele frequency changes. The effects of sampling and inbreeding are 
cumulatively called genetic drift. The probability that a favorable allele is lost due to genetic 
drift is contingent upon the selective advantage and the initial frequency of the allele and the 
Ne (Falconer and Mackay, 1996). The challenge with associating changes in allele frequency 
with QTL is to separate the changes in the frequency of a marker allele that are attributable to 
7 
genetic drift from those due to selection of a QTL allele in disequilibrium with the marker 
locus. 
The association of changes in the frequency of genetic marker alleles with the 
selection of QTL alleles in plants began with the study of isozyme markers in recurrent 
selection programs. Brown (1971) used six isozymes to monitor allele frequency changes in 
maize in the 68th generation of the oil strains of the Illinois Long-Term Selection Experiment. 
He concluded that the observed allele frequency shifts could be explained by genetic drift, 
but selection of oil QTL could not be excluded. Brown and Allard (1971) utilized nine 
isozymes to monitor allele frequency in two cycles of reciprocal recurrent selection (RRS) 
for yield in maize. Over 90% of their attempted chi-square tests for Hardy-Weinberg 
equilibrium were non-significant. They reported that RRS had little effect on gene frequency 
and attributed the observed deviations in allele frequency to genetic drift. They considered 
the joint distributions of loci and noted the conservation of linkage blocks as well as gametic 
phase disequilibrium (GPD) between unlinked loci. S tuber and Moll (1972) included 
intermediate generations in the chi-square analysis of isozyme allele frequencies in a full-sib 
family recurrent selection program for maize yield. They found the allele frequency of one 
isozyme increased as yield increased through the first six cycles then declined in the last 
three cycles. The same allele did not change in frequency in a replicate of the population that 
was random-mated with no selection for 20 generations. The decline in frequency of the 
allele in the last three cycles may have been due to a recombination event during the 
formation of the cycle 7 population that dissociated the marker from the QTL. Stuber et al. 
(1980) used the statistical tools developed by Schafer et al. (1977) to test if allele frequency 
changes in recurrent selection for yield could be accounted for by genetic drift alone. There -
were eight isozyme loci that responded to recurrent selection for yield in a linear fashion as if 
selection was for the isozyme loci themselves. Some alleles differed in the direction of 
frequency changes between populations. 
DNA markers are more abundant and more evenly distributed in the genome than 
isozyme markers. Sughroue and Rocheford (1994) used allele frequency changes in 49 
RFLPs to locate QTL controlling oil production in the same genetic materials as Brown 
(1971). They used a chi-square analysis to compare allele frequencies of divergently selected 
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strains. There was a larger number of RFLP loci that differed in allele frequency between 
high- and low-oil groups selected for over 87 generations than those selected for 42 
generations. Measuring allele frequencies identified the same QTL for oil that were 
identified in a F% mapping study (Goldman et al., 1994). De Koeyer et al. (1999) observed 
allele frequency changes in seven cycles of recurrent selection for yield and other agronomic 
traits in oat (Avena sativa L.). A Markov chain, suggested by Nei (1987), was used to 
determine if a locus was truly affected by selection or merely by genetic drift. They detected 
13 QTL that had been identified in a RIL population. Sebastian et al. (1995) developed a 
pedigree-based method to identify markers linked to QTL that have undergone selection in 
agronomic crops. A set of elite soybean lines was selected from a breeding program. The 
pedigrees of the elite lines were traced back to their ancestors and the theoretical genetic 
contribution of each ancestor to each elite line was calculated. The elites and ancestors were 
fingerprinted with RFLP and random amplified polymorphic DNA (RAPD) markers, the 
observed and expected allele frequencies were compared in the elite lines, and the alleles that 
occurred more often than expected, based on a chi-square test, were putatively linked to yield 
QTL alleles. They found 17 yield QTL in a subset of elite soybean germplasm. 
Disequilibrium 
LD is the phenomenon that makes linkage mapping possible (Falconer and Mackay, 
1996; Lynch and Walsh, 1998). LD is often used synonymously with GPD even though their 
definitions differ. LD indicates markers are in physical proximity on a chromosome, while 
GPD acknowledges that associated alleles of unlinked loci can occur together in the gametes 
(Lynch and Walsh, 1998; Jannink and Walsh, 2002). 
The concept of genetic association is dependent upon the GPD between observable, 
neutral genetic markers and unobservable QTL (Jannink and Walsh, 2002). Generally LD 
makes up a large portion of GPD and is very important in finding markers associated with 
QTL. LD decays as the distance increases between alleles (Daly et al., 2001; Nordborg et al., 
2002; Rafalski, 2002b). A difficulty arises because LD is not evenly distributed along a 
chromosome (Goldstein, 2001) and has not yet been extensively studied in plants. Loci near 
the centromere generally exhibit greater LD and loci near the telomeres have less LD than 
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other loci. Areas of elevated and depressed recombination exist throughout the genome and 
even within characterized loci (Bhattramkki and Rafalski, 2001; Remington et al., 2001). LD 
differs greatly among species and among populations within a species. LD differences 
among species can be partially explained by their mode of fertilization. Self-fertilizing 
species tend to exhibit greater LD than outcrossing species (Daly et al., 2001; Nordborg et 
al., 2002; Remington et al., 2001). Simulations by Nordborg (2000) provided evidence to 
suggest that outcrossing and self-fertilizing species differ greatly in their amounts of LD. 
Nordborg et al. (2002) found the amount of LD was far greater in the self-fertilizing species, 
Arabidopisis thaliana than that found in maize (Thomsberry et al., 2001) or humans (Reich 
et al., 2001). The population structure and history of the population also influence the 
amount of LD. A smaller Ne will preserve LD in an isolated population, particularly if a 
restriction in the number of parents was present during species domestication (Remington et 
al., 2001 ; Rafalski 2002b). The terms global and local LD have been introduced to define 
LD in the metapopulation and an isolated population, respectively (Nordborg et al., 2002). 
The extent of LD is extremely important because it dictates the strategy of association 
mapping that can be appropriately applied. If extensive LD is present, as in the case of self-
fertilizing species, a whole genome QTL scan with fewer markers is possible, but fine 
mapping of the QTL will not be effective through association. If LD breaks down relatively 
quickly, as in outcrossing species such as humans and maize (Bhattramkki and Rafalski, 
2001; Daly et al., 2001; Remington et al., 2001; Weiss and Clark, 2002), then candidate gene 
mapping and a high density of markers are required, while whole genome scans will only be 
possible with a very dense set of markers (Rafalski, 2002a). 
Soybean is an example of a species that would be expected to posses a large amount 
of LD. Delannay et al. (1983) estimated that 7 to 10 accessions contributed 80% of the elite 
soybean gene pool. This, along with the self-fertilizing nature of the species, presents the 
potential for the existence of extended LD and for the use of whole genome scans to identify 
QTL (Rafalski, 2002a; Rafalski, 2002b). 
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Population Structure 
Population structure can refer to subgroups within a population that occur due to 
population admixture, founder effects, or divergence. Pritchard et al. (2000) developed a 
clustering method to account for population structure, called structured association, which 
was used by Thomsberry et al. (2001) to account for population structure when conducting 
fine-scale association mapping in maize. Association mapping can produce erroneous results 
if the population structure is not considered. Pritchard (2001) presented examples from 
human genetic association studies where the population structure seriously biased the results 
and ultimately lead to incorrect conclusions. 
Considerations of Marker Type 
Simple sequence repeat (SSR) markers are highly polymorphic, abundant, co-
dominant, reliable and relatively easy to use. SSRs have qualities that are beneficial for 
associative genetic studies. Morgante et al. (2002) studied the distribution of SSRs in the 
genomes of Arabidopsis thaliana, rice (Oryza sativa L.), soybean, maize, and wheat 
( Triticum aestivum L.). They reported that SSRs were more often associated with non-
repetitive than repetitive DNA in these plant species. SSRs are more likely to be in 
disequilibrium because the polymorphisms that generated SSRs are more recent than other 
marker types such as single nucleotide polymorphism (SNPs). More generations have 
provided a greater opportunity for the SNP to dissociate from a QTL (Bhattramkki and 
Rafalski, 2001; Rafalski, 2002a). 
Yield QTL in Soybean 
The identification of yield QTL in soybean has been limited by the number of 
parental lines used to form mapping populations and the amount of phenotypic data used for 
analysis. Orf et al. (1999a) used RFLP and SSR markers to genotype RILs from 'Minsoy' % 
'Noir 1 ', Minsoy % 'Archer', and Noir 1 x Archer populations to identify yield QTL. 
Heritabilities on an entry-mean basis for yield in the three populations were 0.88 in Minsoy % 
Noir 1, 0.70 in Minsoy % Archer, and 0.71 in Noir 1 % Archer. Yield was measured for the 
Minsoy % Archer and Noir 1 x Archer populations in two replications at each of two 
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locations in 1995 and 1996 and one location in 1997. One location in 1995 and one location 
in 1996 was in Chile and was irrigated. Yield for the Minsoy x Noir 1 was evaluated in three 
replications in each of two locations in 1991 and 1992. One location in each year was in 
Chile and was irrigated (Mansur and Orf, 1995). Interval mapping identified agronomic 
QTL common to one, two, or all of the populations. Only five of the 140 SSRs that had a 
logarithm of odds (LOD) score > 3.0 were associated with yield QTL. Only one yield QTL 
was present in more than one population. The authors concluded that the genetic background 
of the populations was important because more QTL were not found in common across the 
three populations. Monomorphism for QTL alleles in one population and polymorphism in 
another population also could account for the lack of QTL detected in more than one 
population. 
Delannay and Concibido (2000) used SSR and amplified fragment length 
polymorphim (AFLP) markers and the advanced backcross method of QTL mapping 
described by Tanksley and Nelson (1996) to identify a QTL in the population HS-1 x pi 
407305 [Glycine soja (L.) Sieb. & Zucc.]. HS-1 is a line developed by Hartz Seed, Stuttgart, 
Arkansas. A favorable QTL allele was identified from G. soja and was tested with NILs in a 
combined analysis over three environments in 1996 and six environments in 1997. The 
effect of the favorable QTL allele was a 12% yield increase compared with the G. max allele. 
Specht et al. (2001) used the genotypic data of Orf et al. (1999a) from the Minsoy x Noir 1 
RIL population to map by the composite interval method six QTL for yield under water 
stress conditions. Yield data were collected with different irrigation treatments at one 
location in two years and heritabilities on entry-mean bases > 0.90 were reported. 
Yuan et al. (2002) used two populations to identify four yield QTL. One population 
consisted of lines from the cross of 'Essex' x 'Forrest' that were tested at three locations in 
1996 and one location in 1997 to obtain a heritability for yield of 0.47 on an entry-mean 
basis. Lines from the other population, 'Flyer' x 'Hartwig', were yield tested at two 
locations in 1998 and two locations in 1999, and a heritability of 0.57 for yield on an entry-
mean basis was obtained. A LOD score of 2.0 was used to identify QTL by interval 
mapping. Bulk segregant analysis also was used to screen the Flyer x Hartwig population for 
yield QTL. Three yield QTL were found in the Essex x Forrest population and two yield 
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QTL were identified in the Flyer x Hartwig population. One yield QTL was common to both 
populations. 
Genetic Gain and Variability in AP10 to AP14 Populations 
Recurrent selection for yield in five populations that differed in their percentages of 
PI germplasm began at Iowa State University in 1979. AP10 was developed with 100% PI 
parentage, API 1 with 75% PI parentage, AP12 with 50% PI parentage, API3 with 25% PI 
parentage, and AP14 with 0% PI parentage. Velio et al. (1984) found the genetic variability 
for yield in cycle 0 (CO) of the four populations that contained PI germplasm was twice that 
of AP14. Ininda et al. (1996) reported the genetic gain for yield after three cycles of 
selection among F^-derived lines in the five populations was 2.5% cycle"1 in AP10, 2.0% in 
AP11, 3.1% in AP12, 2.8% in API 3, and 5.4% in AP14. There were no significant 
differences among the five populations for the amount of genetic variability among lines for 
yield in cycle 4 (C4) (Narvel, 1999). Changes in marker allele frequencies associated with 
recurrent selection for yield in the populations may be useful to identify genomic regions 
important for yield in diverse soybean germplasm. 
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MATERIALS AND METHODS 
Genetic Materials 
AP10 was formed with 40 Pis, API2 was formed with 40 Pis and 40 elite cultivars 
and lines, and AP14 was formed with 40 elite parents (Fehr and Cianzio, 1981). The sole 
criterion for selection of the PI and elite parents was yield within Maturity Groups I to IV. 
The PI parents were chosen based on yield in replicated trials in Iowa from a set of 240 
accessions. The elite parents were the highest yielding lines from the Iowa Soybean Yield 
Test and the Uniform Regional Test, Northern States. The five CO populations were formed 
by four generations of intermating. In the first generation, single crosses were made among 
the original parents. For the second intermating, double crosses were made with the single-
cross progeny. The third and fourth generations of intermating consisted of plant-to-plant 
crosses. An equal bulk of So seed was made after the third intermating and after the fourth 
intermating. 
Recurrent selection for yield was practiced among F^-derived lines through four 
cycles of selection for each of the populations (Ininda et al., 1996). The first year of yield 
evaluation for each cycle consisted of the testing of 200 F4:5 lines between Maturity Groups 
II to III in hill plots in two replications at each of two locations. The 60 highest-yielding 
lines from the first year of yield testing were advanced to another yield test that was 
conducted the following year in two-row plots in two replications at each of three Iowa 
locations. The 20 highest-yielding lines from the second yield test that were within Maturity 
Groups II to III were each mated in six unique single-cross combinations to form the 
populations for the next cycle of selection. The same number of lines from each single-cross 
population was evaluated for yield. 
The method described by Sebastian et al. (1995) was the basis for the QTL analysis. 
The method involves genotyping with molecular markers the improved lines from the most 
advanced cycle of selection and the earliest known ancestors of the improved lines (Table 1). 
The lines used in this study were the original PI and elite parents of the CO populations, the 
20 high-yielding lines selected as parents in AP10 and API4 to form the cycle 1 (CI) 
populations, the 15 highest-yielding lines from the C4 populations of AP10 and API4, and 
the 13 highest-yielding lines from the C4 population of AP12 (Fig. 2). The number of C4 
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lines chosen from API2 was limited to 13 to make it possible to analyze all the lines for a 
particular marker in complete 96-well plates. One ancestor of API 4 was an elite 
experimental line that could not be included in the study because its seed did not germinate. 
The data for selecting the highest-yielding lines from the C4 populations were obtained by 
Narvel (1999), who tested 100 randomly chosen C4 lines of each population in two 
replications at three Iowa locations in 2 yr. 
Table 1. Germplasm genotyped within AP10, API2, and API4 soybean populations. 
Entry Number Population* Germplasm Cycle* 
1 AP10& AP12 FC04002B CO parent 
2 AP10&AP12 Manchu-Hudson CO parent 
3 AP10&AP12 Patoka CO parent 
4 AP10&AP12 PI 68522 CO parent 
5 AP10&AP12 PI 68680 CO parent 
6 AP10& AP12 PI 70023 CO parent 
7 AP10&AP12 PI 70087 CO parent 
8 AP10&AP12 PI 70189 CO parent 
9 AP10&AP12 PI 70212 CO parent 
10 AP10&AP12 PI 70241 CO parent 
11 AP10&AP12 PI 78242 CO parent 
12 AP10&AP12 PI 84668 CO parent 
13 AP10&AP12 PI 84680 CO parent 
14 AP10& AP12 PI 84686 CO parent 
15 AP10&AP12 PI 84964 CO parent 
16 AP10&AP12 PI 86411 CO parent 
17 AP10&AP12 PI 86502 CO parent 
18 AP10&AP12 PI 88295 CO parent 
19 AP10 & AP12 PI 88459 CO parent 
20 AP10&AP12 PI 88789 CO parent 
21 AP10&AP12 PI 89010 CO parent 
22 AP10&AP12 PI 89061-2 CO parent 
23 . ' ' AP10&AP12 PI 89156 CO parent 
24 AP10&AP12 PI 90723 CO parent 
25 AP10&AP12 PI 91089 CO parent 
26 AP10&AP12 PI 91124 CO parent 
27 AP10&AP12 PI 91142 CO parent 
28 AP10&AP12 PI 91750 CO parent 
29 AP10&AP12 PI 92565 CO parent 
30 AP10&AP12 PI 96194-3 CO parent 
31 AP10&AP12 PI 153309 CO parent 
32 AP10&AP12 PI 189892 CO parent 
33 AP10&AP12 PI 189918 CO parent 
34 AP10&AP12 PI 200593 CO parent 
35 AP10&AP12 PI 248396 CO parent 




















































PI 248398 CO parent 
PI 2536530 CO parent 
PI253658A CO parent 
PI266085A CO parent 
PI 291311B CO parent 
Agripro 35 CO parent 
Shawnee CO parent 
Harcor CO parent 
L70D6-16 CO parent 
L70D19-4 CO parent 
L70T-543 CO parent 
SL11 CO parent 
Williams CO parent 
Woodworth CO parent 
A72-507 CO parent 
A72-510 CO parent 
A72-511 CO parent 
A72-512 CO parent 
A72-522 CO parent 
A72-523 CO parent 
A73-328 CO parent 
A73-15089 CO parent 
A73-19068 CO parent 
A73-25003 CO parent 
A73-25043 CO parent 
Coles CO parent 
Hark CO parent 
Dixon CO parent 
Pike CO parent 
Teweles Expt. 7 CO parent 
Pride B216 CO parent 
Hodgson CO parent 
M63-194 CO parent 
M65-69 CO parent 
M65-442 CO parent 
Steele CO parent 
Amsoy 71 CO parent 
Beeson CO parent 
Bonus CO parent 
CI 508 CO parent 
C1512 CO parent 
C1515 CO parent 
Cutler 71 CO parent 
Wells CO parent 
A81-252001 CI parent 
A81-252009 CI parent 
A81-253004 CI parent 
A81-254003 CI parent 
A81-254007 CI parent 
A81-252002 CI parent 
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Table 1 (continued) 
86 APIO A81-252004 CI parent 
87 APIO A81-252010 CI parent 
88 APIO A81-254006 CI parent 
89 APIO A81-255003 CI parent 
90 APIO A81-253005 CI parent 
91 APIO A81-254008 CI parent 
92 APIO A81-254009 CI parent 
93 APIO A81-254010 CI parent 
94 APIO A81-256008 CI parent 
95 APIO A81-253008 CI parent 
96 APIO A81-255005 CI parent 
97 APIO A81-255009 CI parent 
98 APIO A81-256006 CI parent 
99 APIO A81-256009 CI parent 
100 AP14 A81-251046 CI parent 
101 AP14 A81-252041 CI parent 
102 AP14 A81-252042 CI parent 
103 AP14 A81-252044 CI parent 
104 AP14 A81-252048 CI parent 
105 API 4 A81-253034 CI parent 
106 AP14 A81-253044 CI parent 
107 AP14 A81-253046 CI parent 
108 AP14 A81-253048 CI parent 
109 AP14 A81-254041 CI parent 
110 AP14 A81-251043 CI parent 
111 AP14 A81-253049 CI parent 
112 AP14 A81-254043 CI parent 
113 AP14 A81-255042 CI parent 
114 AP14 A81-255047 CI parent 
115 AP14 A81-254042 CI parent 
116 AP14 A81-254050 CI parent 
117 AP14 A81-255043 CI parent 
118 AP14 A81-256041 CI parent 
119 AP14 A81-256047 CI parent 
120 APIO A95-604006 C4 HY line 
121 APIO A95-608007 C4 HY line 
122 APIO . . A95-603009 C4 HY line 
123 APIO A95-604007 C4 HY line 
124 APIO A95-604010 C4 HY line 
125 APIO A95-605006 C4 HY line 
126 APIO A95-602003 C4 HY line 
127 APIO A95-610004 C4 HY line 
128 APIO A95-603002 C4 HY line 
129 APIO A95-606010 C4 HY line 
130 APIO A95-607003 C4 HY line 
131 APIO A95-602006 C4 HY line 
132 APIO A95-605010 C4 HY line 
133 APIO A95-607006 C4 HY line 
134 APIO A95-602005 C4 HY line 
135 APIO A95-604008 C4 LY line 


















153 API 2 
154 API 2 
155 API 2 




160 API 2 
161 AP12 
162 API 2 
163 AP14 
164 API 4 
165 AP14 
166 API 4 
167 API 4 
168 AP14 
















185 API 4 
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A95-605008 C4 LY line 
A95-609010 C4 LY line 
A95-606002 C4 LY line 
A95-609006 C4 LY line 
A95-608004 C4 LY line 
A95-602009 C4 LY line 
A95-601001 C4 LY line 
A95-601006 C4 LY line 
A95-610009 C4 LY line 
A95-604002 C4 LY line 
A95-603005 C4 LY line 
A95-602010 C4 LY line 
A95-607005 C4 LY line 
A95-604001 C4 LY line 
A95-602030 C4 HY line 
A95-603028 C4 HY line 
A95-607026 C4 HY line 
A95-609029 C4 HY line 
A95-602026 C4 HY line 
A95-605027 C4 HY line 
A95-603025 C4 HY line 
A95-608026 C4 HY line 
A95-604023 C4 HY line 
A95-603021 C4 HY line 
A95-608027 C4 HY line 
A95-609023 C4 HY line 
A95-607022 C4 HY line 
A95-607044 C4 HY line 
A95-604047 C4 HY line 
A95-609050 C4 HY line 
A95-603042 C4 HY line 
A95-603045 C4 HY line 
A95-609044 C4 HY line 
A95-604043 C4 HY line 
A95-605048 C4 HY line 
A95-609049 C4 HY line 
A95-607048 C4 HY line 
A95-610041 C4 HY line 
A95-605044 C4 HY line 
A95-607046 C4 HY line 
A95-606041 C4 HY line 
A95-610043 C4 HY line 
A95-602047 C4 LY line 
A95-601048 C4 LY line 
A95-609047 C4 LY line 
A95-606050 C4 LY line 
A95-608046 C4 LY line 
A95-608045 C4 LY line 
A95-605045 C4 LY line 
A95-610048 C4 LY line 
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Table 1 (continued) 
186 API 4 A95-602042 C4 LY line 
187 API 4 A95-605050 C4 LY line 
188 API 4 A95-607042 C4 LY line 
189 AP14 A95-608047 C4 LY line 
190 API 4 A95-604050 C4 LY line 
191 AP14 A95-605046 C4 LY line 
192 API 4 A95-606045 C4 LY line 
t AP10 = 100% PI, AP12 — 50% PI, and API4 = 0% PI. 
$HY - high yield and LY = low yield. 







40 Founders 39 Founders 79 Founders 
CO CO 
20 HY lines 
CO 
20 HY lines 
C4 
13 HY lines 
C4 
15 HY lines 
15 LY lines 
C4 
15 HY lines 
15 LY lines 
Figure 2. Recurrent selection for yield in the APIO (100% PI parentage), AP12 (50% PI 
parentage), and API4 (0% PI parentage) soybean populations. HY - highest-yielding lines 
in the population. LY = lowest-yielding lines in the population. 
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Molecular Methods 
DNA was collected and extracted by Narvel et al. (2000). They collected leaf tissue 
from at least 10 plants of each entry and bulked dried tissue prior to DNA extraction. DNA 
samples were stored at -80°C prior to their use in this study. Concentrated DNA samples 
were diluted to 10 ng ju-L"1. One hundred eighty-four fluorescently labeled SSRs, spaced 15 
cM on average, were chosen based on their genome distribution (Cregan et al, 1999). The 
PCR reaction consisted of 1.0 /iL GeneAmp®10X PCR Buffer II, 0.6 fiL 25 mMMgCk, 0.2 
/x.L 10 mM dNTP, 1.7 fiL 2 fiM forward/reverse primer mix, 0.06 /xL AmpliTaq™ Gold DNA 
polymerase, 1.0 10 ng fiL'1 DNA, and 5.44 fiL HPLC H2O (Perkin-Elmer, Foster City, 
CA). The PCR program was 10 min at 95°C, then 45 cycles of the following: 50 s at 95 °C, 
50 s at the annealing temp, and 85 s at 72°C. A final extension step of 10 min at 72°C was 
used. PCR was performed individually for each marker and genotype combination. 
PCR products were multiplexed by allele size and florescent primer color, diluted by 
a SciClone Liquid Handling Workstation (Zymark Corporation, Hopkinton, MA) and 
separated via capillary electrophoresis with an ABI Prism 3700 DNA Analyzer (Applied 
Biosystems, Foster City, CA). ROX 400HD was used as the internal standard to calculate 
allele sizes (Applied Biosystems, Foster City, CA). Data were collected with 
GENESCAN™ Prism software (Applied Biosystems, Foster City, CA) and allele sizes 
estimated by GENOTYPER™ software (Applied Biosystems, Foster City, CA). Manual 
verification of the allele sizes was performed. 
Pedigree Construction 
It was assumed that each parent used to form the CO to C4 populations contributed 
equally to the population. When an equal contribution was assumed, a pedigree could be 
constructed in such a way that each allele in the parents used to form a population had a 
probability of occurring in the next population equal to the frequency of the allele among the 
parents of the population. The GeneFlow software was used for many analyses that were 
performed with the marker data (GeneFlow Inc., 1997). One limitation of the GeneFlow 
software is that the database accepts only bi-parental pedigrees. A pedigree structure was 
created to circumvent the limitation. To construct a complex pedigree within GeneFlow the 
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number of individuals in each generation, N, must be a root of two (N = 2X). For example, 
there were forty parents used to form the CO of APIO. To work within the confines of the 
software, 26 = 64 parents of the CO population were created. Forty of the 64 parents were the 
original parents of APIO and 24 were placeholders necessary to construct the pedigree. The 
24 placeholders were assigned to a position in the pedigree tree by use of a random-number 
generating algorithm to prevent the placeholders from being clustered to one branch of the 
pedigree. The software simulated genotypic data for the 24 placeholders based on the allele 
frequencies of the 40 parents used to form the CO of APIO. After the first layer, there were 
layers consisting of 25 = 32,24 = 16,23 = 8,22 = 4, and 21 = 2 individuals to arrive at the 
pedigree of a CO individual (2° = 1). The same method was used to create the pedigree from 
the CO generation to the C4 generation of APIO. The only difference was that there were 20 
parents used to form the CI population instead of 40 parents so the first layer was 25 = 32 
instead of 26 = 64. The layers under the CO lines used to form the CI population led directly 
to the C4 to minimize the number of layers and still maintain accuracy of the expected allele 
frequencies in the C4 lines. To build the pedigree of a C4 line in AP12, the pedigree of any 
APIO CO line was combined with the pedigree of any API 4 CO line. The pedigree of API 4 
was constructed in the same manner as APIO. 
Statistical Tests for Population Structure 
The usefulness of each marker to differentiate lines within and among API 0, API2, 
and API4 was measured by the polymorphic index content (PIC) value. The PIC value 
considered the number of alleles and their frequencies for each marker locus. A low PIC 
value was returned for markers with few alleles or an unequal proportion of allele . 
frequencies among alleles, and indicated that the marker provided little information to 
distinguish among different lines. PIC values were calculated by the algorithm: 
n 
PIC = 1 -Yj'i, where f f  is the frequency of the i  allele and n is the number of alleles at 
i=i 
the marker locus (Botstein, et al., 1980; Smith et al., 1997). 
The genetic distance between pairs of individuals was calculated in GeneFlow using 
the genetic distance formula of Nei (1987) (GeneFlow, Inc., 1997). The genetic distance, D, 
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of any two individuals, A and B, was: D = 1 ——, where NA was the number of 
alleles specific to individual A, NB the number specific to B, and NAB the number in common 
between individuals A and B. The genetic distances were used to create a matrix, D, of zeros 
and ones with rows consisting of all possible marker and allele combinations and columns 
consisting of individuals. If the individual contained an allele for a given marker, a one was 
entered into D for the allele-individual combination. If the individual did not contain the 
allele for a given marker, a zero was entered into D. Missing data points were designated in 
D with the value -2. The distance matrix was used to perform cluster analysis and create 
dendrograms with the average linkage method, or Unweighted Pair Group Method using 
Arithmetic averages (UPGMA) in SAS (SAS Institute, Inc., 1999). The distance matrix, D, 
also was used to perform principal component analysis (PCA) in SAS (Johnson and Wichern, 
1998; SAS Institute Inc., 1999). 
Statistical Tests for Allele Frequency Differences 
The inter-population allele frequencies between APIO and API4 were compared in 
the parents used to form the CO and CI populations to identify loci that were initially 
different between APIO and API4 and loci that became similar after the restriction of alleles 
between the CO and CI in the two populations. In the C4 populations, the allele frequencies 
of the highest-yielding lines of APIO and API 4 were contrasted to see if selection for yield in 
these two populations decreased the number of loci that had different allele frequencies 
between APIO and API 4. Allele frequencies from the highest-yielding lines of APIO, API 2, 
and AP14 were evaluated to determine the genomic regions in AP12 that were similar to 
APIO and the regions that were similar to API4. 
Disequilibrium between pairs of marker loci was measured. LD between adjacent 
markers should decline during recurrent selection and the amount of LD that remains in each 
population determines in part if whole-genome scans for QTL will be successful. The 
intermating of the highest-yielding lines to generate the next cycle of selection may 
dissociate the favorable and unfavorable epistatic combinations of alleles. The GPD that 
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remained between unlinked markers may reveal favorable epistatic combinations of alleles 
for yield that have be preserved during recurrent selection for yield. 
Intra-population allele frequencies were used to observe the genetic changes that 
occurred within APIO, AP12, and AP14 during recurrent selection for yield. Allele 
frequencies in the highest-yielding C4 lines of the three populations were compared with the 
parents used to form the CO populations of APIO, API 2, and API 4. For APIO and API 4, the 
allele frequencies in the parents used to form the CO populations were compared with the 20 
highest-yielding CO lines used to form the CI populations, the combination of the highest-
and lowest-yielding C4 lines, and the lowest-yielding C4 lines. In APIO and API4, the 
frequency of the alleles in the parents of the CI were compared to the combination of the 
highest- and lowest-yielding C4 lines, the highest-yielding C4 lines, and the lowest-yielding 
C4 lines. The allele frequencies between the highest- and lowest-yielding lines within APIO 
and API 4 were compared. The average yield of 15 highest-yielding lines of the C4 
population of AP10 was 15.5% greater than the average yield of the 15 lowest-yielding lines 
of the C4. In AP14, the 15 highest-yielding C4 lines had an average yield that was 16.0% 
more than the average of the 15 lowest-yielding lines (Narvel, 1999). 
The tests for allele frequency differences were performed by comparing the 
goodness-of-fit of the distribution of alleles from two groups. The chi-square test for 
goodness-of-fit has been widely used in genetics. A modification of the chi-square test is the 
G-test for goodness-of-fit. The G-test is a likelihood ratio test, which is more robust when 
multinomial classes are small. The formulations for the chi-square and G-statistics for the 
multivariate case according to Sokal and Rohlf (1995) are the following: 
of freedom equal one minus the number of classes, a. The expected frequency is obtained 
fi 
where X2 and G are the test statistics, a is the number of classes, v are the degrees of freedom 
is the observed frequency, and fi is the expected frequency of the z'th class. The degrees 
from the equation/} = p{n, where pt is the expected probability for the zth class and n is the 
number of individuals in the z'th class. In general, the chi-square and G-statistics will be 
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numerically similar, but the G-statistic approximates a ^-distribution slightly better than the 
chi-square statistic itself (Sokal and Rohlf, 1995). One limitation of the G-test is that the 
actual Type I error rate is higher than planned. The correction factor suggested by Williams 
Q (1976) was used and the Williams Corrected G-statistic was calculated as —, where 
q 
q = \  + V - 0  
6nv 
Most texts suggest n must be large for a valid test for goodness-of-fit, but give no 
definition of a large n (Alder and Roessler, 1972; Klug and Cummings, 1994; Miller and 
Miller, 1999). Cramer (1946) and Sokal and Rohlf (1995) provided insight to the question 
by generalizing that when each {f i  } Z=1 >10, the ^-distribution is approximated by the chi-
square statistic and when each {} °i=\ > 5, the ^-distribution is approximated by the G-
statistic. There were some small multinomial class expectations in APIO, API2, and API4 
due to the occurrence of alleles with low frequency, so the G-statistic seems more 
appropriate than the chi-square statistic. 
Simulation was used to account for the effect of genetic drift during recurrent 
selection in APIO, API2, and API4. Simulation was applied for the comparisons of allele 
frequencies of the parents of the CO populations to the highest-yielding C4 lines in APIO, 
AP12, and AP14 and for the comparisons of the parents used to form the CI populations to 
the highest-yielding C4 lines of APIO and API 4. The flow of each marker allele was 
simulated 10,000 times from the ancestors to the C4 lines to construct a probability density 
function (p.d.f.) for each population structure. The area under the tail of the p.d.f. was 
quantified in a LOD score that was the measure of the number of rounds that the simulation 
generated an allele frequency at least as extreme as that observed in the C4 lines (Miller and 
Miller, 1999). The formula was LOD =-1.0 x log 10 
rs ) 
— , where S e  was the number of 
\S t  )  
rounds of simulation that produced an allele frequency equal to or more extreme than that 
observed in the C4 lines and S, was the total number of rounds of simulation. For example, if 
the expected frequency of an allele in the C4 lines was 0.15, the observed frequency was 
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0.30, and 500 out of 10,000 rounds of simulation produced an allele frequency > 0.30, then 
Se = 500, S, = 10,000, and LOD = 1.30. A LOD score >1.0 was used as the significance 
threshold to declare that the frequency change in a marker allele was associated with 
selection for a QTL allele. 
For AP10 and API4, analyses conducted with the parents of the CO populations as the 
ancestors were compared with the analyses when the 20 highest-yielding CO lines of each 
population were considered the ancestors. The comparison was used to differentiate between 
changes in frequency of marker alleles due to an association with a selected QTL allele 
versus allele frequency changes due to the restriction of alleles that occurred in forming the 
CI populations. The 20 CO lines used as parents to form the CI populations was half the 
number of parents used to form the CO populations of AP10 and API 4 and one-quarter the 
number of parents used to form the CO population of API 2. The reduction in the number of 
parents and the inbreeding of the parents used to form the CI populations contributed to a 
restriction in the number of alleles from the parents of the CO populations that could be 
expected in the C4 lines. 
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RESULTS AND DISCUSSION 
Population Structure 
APIO, API2, and API4 had distinct population structures based on the SSR 
genotypes of the parents used to form the CO populations and the highest-yielding C4 lines in 
each population. Marker data of the parents used to form the CI populations of APIO and 
API4 also suggested the two populations were genetically distinct. Pritchard (2001) 
indicated that the failure to account for population structure has been problematic in human 
genetic association studies, and Pritchard et al. (2000) suggested a method to account for 
population structure. The QTL analyses in this study were performed individually in each 
population to prevent the differences among AP10, AP12, and AP14 from biasing the results. 
Polymorphic Index Content 
The 79 original parents used to form AP10, AP12, and AP14 generated PIC values 
from 0, no information, to 0.91, highly informative (Table Al) (Smith et al., 1997). The 
monomorphic marker, Satt470 was excluded from further analyses. Only four other markers 
had PIC values less than 0.12. Satt364 and Satt450 had a PIC value of 0.04 and Satt395 and 
Satt568 had PIC values of 0.06 in the original parents. The mean PIC value across all SSR 
markers was 0.55 in the original parents, which indicated that much information could be 
gained from fingerprinting these genetic materials with the 184 markers. The high mean PIC 
value reflected in part the large number of SSR alleles that originated from the Pis. A large 
number of alleles from the Pis was expected based on the results of Narvel et al. (2000). In 
the original parents, the di-nucleotide repeat SSRs had an average PIC value of 0.67 
compared with 0.54 for the tri-nucleotide repeat SSRs. The standard error of the mean for 
the PIC value of the original parents was 0.02. Although the di-nucleotide repeats on 
average were more informative in the original parents, they were more difficult to score due 
to their tendency to stutter. 
Genetic Distance 
Genetic distances between all possible pairs of individuals from AP10, API2, and 
AP14 ranged from 0.031, very related, to 0.755, very unrelated. The average genetic 
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distance between a pair of lines was 0.523, which indicated that on average over half of the 
alleles were different between any two individuals from APIO, API2, and API4. It was not 
surprising that several of the elite parents used to form the CO of API 4 were very related. 
For example, the original elite parents A72-507 and A72-510 had a genetic distance of 0.090. 
This result is representative of the current soybean elite gene pool. Sneller (1994) found that 
the average coefficient of parentage between any two cultivars in the northern or southern 
gene pool was 0.25, which is equivalent to that of half-sibs. 
The genetic distances were graphically summarized (Fig. 3). The figure is a square 
matrix that contains a row and column for each of the 192 individuals, which were sorted 
first by population and then by cycle. For example, AP10 is presented in the upper left and 
API 4 in the lower right. The original parents of API 2 are the original parents of AP10 plus 
the original parents of API4 and they are not repeated in the figure. The highest-yielding C4 
lines of API 2 are at the center of the figure. Darker colors indicate a larger genetic distance 
between two genotypes. For example, the cells on the diagonal contain the genetic distance 
between identical lines, have genetic distance equal to zero, and are colored white. The 
pattern from the figure indicated that the genetic distance was much less between lines within 
populations than between lines of different populations, the original elite parents were 
genetically narrower than the original PI parents, and the three populations have become 
narrower following four cycles of recurrent selection for yield. 
Cluster and Principal Component Analyses 
The 79 parents used to form the CO populations of AP10, AP12, and AP14 clustered 
primarily into one elite and one PI group, but there were several exceptions (Fig. 4). Three 
of the 40 original PI accessions, PI 91089, PI 153309, and FC04002B, formed a sub-group of 
the elite cluster. Aside from the three Pis that were similar to the original elite parents, no 
other original PI parent had a genetic distance of less than 0.5 when compared with any 
original elite parent. There generally was a greater genetic distance between original PI 
parents than between original elite parents. 
Nei's Genetic Distance 
0.000-0.167 
0.167-0.333 
0.333 - 0.500 
0.500 - 0.667 
0.667 - 0.833 
0.833-1.000 S 
Figure 3. Nei's Genetic Distance between the 192 lines genotyped from APIO, AP12, and AP14 soybean populations. 
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Figure 4. Dendrogram based on Nei's Genetic Distance of the original parents of APIO, 
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Figure 5. Dendrogram based on Nei's Genetic Distance of the highest-yielding CO lines of 
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Figure 6. Dendrogram based on Nei's Genetic Distance of the highest-yielding C4 lines of 
APIO, API2, and API4 soybean populations. 
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The restriction of the number of alleles from the parents of the CO populations to the 
parents of the CI populations seemed to reduce the diversity more in APIO than API 4. The 
highest-yielding lines from the CO of APIO and API 4 that were used as parents to form the 
CI populations formed one cluster for APIO and one cluster for AP14 (Fig. 5). The inherent 
differences between the elite and PI original parents were preserved after the restriction of 
alleles from the parents of the CO populations to the parents of the CI populations, but the 
genetic distances between lines within APIO were reduced to a level that was closer to the 
genetic distances between lines within API 4. Four cycles of recurrent selection for yield did 
not eliminate the different structures of APIO, API 2, and API 4. The highest-yielding C4 
lines from APIO, API2, and API4 formed three clusters that represented the three 
populations (Fig. 6). The highest-yielding C4 lines of AP12 had a greater genetic distance to 
the highest-yielding C4 lines of APIO than to the highest-yielding lines of API 4. The yield 
data that were collected among random lines of C4 by Narvel (1999) indicated that the three 
populations were phenotypically distinct. There was less genetic distance between the 
highest-yielding C4 lines in APIO and API4 than between the highest-yielding CO lines that 
were used to form the CI populations of APIO and AP14. Velio et al. (1984) found the 
genetic variability among lines for yield in the CO populations of APIO was twice that of 
APIO, but Narvel (1999) did not observe a difference in genetic variability among lines for 
yield in the C4 of APIO and AP14. 
Three high-yielding C4 lines did not follow the cluster structure of the other lines. 
A95-604006 was a high-yielding C4 line from APIO line that clustered with high-yielding 
Ç4. lines of AP14 and A95-609049 was a high-yielding C4 line from AP14 that clustered 
with the high-yielding C4 lines of APIO. The average genetic distances between A95-
604006 and the C4 lines of each population were 0.541 for APIO, 0.503 for AP12, and 0.358 
for AP14. The closest relationship of A95-604006 was 0.213 to a high-yielding C4 line from 
AP14, which suggested that A95-604006 was not a member of AP10. The genetic distance 
between A95-609023 and the average of the high-yielding C4 lines was 0.450 for AP10, 
0.533 for API2, and 0.513 for API4. A95-609023 had a genetic distance of 0.081 to a high-
yielding C4 line of AP10. The average genetic distance between A95-609049 and the 
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highest-yielding C4 lines of each population was 0.455 for APIO, 0.560 for AP12, and 0.581 
for API4. A95-609049 and a high-yielding C4 line from APIO had a genetic distance of 
0.031. 
There were 18 inconsistent alleles in the inheritance of A95-604006 in AP10, but no 
inconsistent alleles for A95-604006 in API4, which suggested that A95-604006 was 
misclassified as a member of AP10. The population that A95-604006 belonged to could not 
be determined with certainty. A95-604006 was of special interest because it was the highest 
yielding C4 line tested in AP10, API 1, AP12, AP13, and AP14 and it was thought to be a 
member of the 100% PI population (Narvel, 1999). It was not possible to exclude AP10 or 
API4 as the originating population of A95-609023 or A95-609049 through alleles that were 
unique to either AP10 or AP14. A95-604006, A95-609023, and A95-609049 were not 
included in the remainder of the analyses. 
The first three principal components were sufficient to distinguish among populations 
for the parents used to form the CO and CI populations, the highest-yielding C4 lines, and the 
combination of the highest- and lowest-yielding C4 lines (Figs. A1 to A4). The first three 
principal components explained 32.76 to 44.05% of the variation among the lines (Table A3). 
Cluster analysis and PCA were not useful to classify C4 lines as high- or low- yielding within 
a population (Figs. A4 and A5). 
Inter-population Allele Frequency Comparisons 
Allele frequencies were different between AP10, API2, and API4 for a large number 
of SSR loci (Table 2). The percentage of loci that differed (P < 0.001) between the 40 PI and 
39 elite original parents was 64%, but the percentage of loci exhibiting allele frequency 
differences was reduced to 48% between the highest-yielding CO lines that were used to form 
the CI populations of AP10 and API 4. The percentages of loci that had different allele 
frequencies between populations in the C4 lines were 51% between the highest-yielding lines 
of AP10 and AP14, 37% between the highest-yielding lines of AP10 and AP12,43% 
between the highest-yielding lines of API 2 and API 4, and 46% between the lowest-yielding 
lines of AP10 and API 4. The reduction in the percentage of loci that differed between 
populations from the parents of the CO to the parents of the CI provides more evidence that 
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the restriction in the number of alleles from the parents of the CO to the parents of the CI had 
a significant effect on the genetic composition of APIO and AP14. 
Kisha et al. (1997) found that 36% of RFLP loci had different allele frequencies 
between U.S. Northern elite soybean cultivars and PI soybean accessions at the P < 0.05 
significance level based on a standard chi-square test. The difference in the percentage of 
significant loci in their study and mine could be due to their use of less diverse PI 
germplasm, a difference in the information gained from RFLPs versus SSRs, or a difference 
between the chi-square and Williams Corrected G-test. 
Table 2. Comparison of SSR allele frequencies between APIO, AP12, and AP14 soybean 
populations. 
Linkage API OF? vs. AMOCO vs. AP10C4H vs. AP10C4H vs. AP12C4Hvs. AP10C4Lvs. 
Locus Group Position AP14F AP14C0 AP14C4H AP12C4H AP14C4H AP14C4L 
Satt276 A1 5.1 *t * * 
Sattl65 A1 14.6 * * * * * * 
Satt364 A1 19.1 
Satt471 A1 19.1 * * * * * * 
Sattl55 A1 28.5 * * * * 
SattOSO A1 44.4 * * 
Satt385 A1 69.9 * * * * * 
Satt545 A1 75.3 * * * * * 
Satt599 A1 83.2 * * * * 
Satt225 A1 87.3 * * 
Satt390 A2 8.6 * * 
Satt493 A2 23.3 * 
Sattl87 A2 50.0 * * * * 
Satt424 A2 61.7 * * * 
Satt341 A2 73.5 * * 
Sat J 29 A2 78.3 * * * * * 
Satt327 A2 . • 108.7 * * 
Satt455 A2 138.2 * * * * * 
Satt409 A2 154.7 * * 
Satt378 A2 175.2 * * * 
Satt429 A2 184.0 * * * * * * 
Satt426 B1 22.5 * * * * * 
Satt509 B1 26.7 * * 
Satt251 B1 34.9 * 
Salt 197 B1 39.0 * 
Sct_026 B1 71.6 * 
Satt444 B1 76.4 * * 
Satt359 B1 92.1 * * * * 
Satt453 B1 117.3 * * * * * 
Satt577 B2 0.0 * * * * 
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Table 2 (continued) 
Sattl26 B2 29.9 * * * 
Sattl68 B2 55.8 * * 
Satt304 B2 69.3 * * 
Satt066 B2 97.3 * * * 
Satt063 B2 113.1 * * * 
Satt560 B2 132.7 * * 
Satt565 Cl 0.0 * * * 
SOYGPATR Cl 21.0 * * * * 
Sattl94 Cl 30.2 * * * * 
Satt578 Cl 74.0 * * * 
Sat_085 Cl 96.5 * * * * * * 
Sattl90 Cl 99.0 * * * * * 
Satt294 Cl 105.4 * * * * * 
Satt338 Cl 173.0 * * 
Sattl64 Cl 180.9 * * 
Sat_062 C2 29.2 * * * 
Satt520 C2 45.9 * * * 
Satt291 C2 48.2 * * 
Sattl70 C2 77.9 * 
Satt322 C2 84.6 
Satt450 C2 112.8 
Satt363 C2 127.6 
Satt277 C2 138.8 * * * * * * 
Satt319 C2 145.8 
Satt307 C2 168.3 * * 
Satt371 C2 188.7 
Satt357 C2 193.5 * * * 
Sattl84 Dla+Q 8.3 * * * 
Satt531 Dla+Q 24.3 * 
Satt368 Dla+Q 41.1 * * 
Satt321 Dla+Q 54.7 * * 
Sattl79 Dla+Q 67.8 * * * 
Satt436 Dla+Q 89.3 * 
Sattl29 Dla+Q 118.2 * * * * 
Sattl47 Dla+Q 123.0 * * 
Satt216 Dlb+W 0.0 * * * * * 
Sattl57 Dlb+W 14.9 . * * * * * 
Satt266 Dlb+W 38.5 * * * 
Sattl41 Dlb+W 52.8 * * * * * * 
Satt506 Dlb+W 52.8 * * * 
Satt546 Dlb+W 63.0 * * * * * 
Satt274 Dlb+W 82.5 * 
Satt459 Dlb+W 98.6 
Satt271 Dlb+W 106.8 * * * 
ScttOOS D2 0.0 * * 
Sattl35 D2 34.7 * * 
Satt458 D2 34.7 * * * * * 
Satt582 D2 66.9 * * 
Satt389 D2 93.8 * * * * * 
Satt311 D2 106.6 * * * 
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Table 2 (continued) 
Satt082 D2 112.1 * 
SattiOl D2 121.8 * * * * * 
Sattl86 D2 139.1 
Satt413 D2 148.3 * * * * * 
Satt256 D2 154.8 * * 
Satt212 E 0.0 
Satt213 E 12.3 
Satt411 E 22.5 * 
Satt598 E 43.5 * * 
Sat_124 E 64.4 * * * * * * 
Satt491 E 85.2 * * 
Satt204 E 100.6 * * 
Satt355 E 102.2 
Satt230 E 137.8 * 
Sattl46 F 0.0 * * * * 
Satt343 F 1.7 * * * * * * 
Satt252 F 16.2 * * * 
Satt516 F 50.7 * * 
Satt425 F 56.4 
Sattll4 F 80.6 * * 
Satt334 F 95.0 * * * 
Sat_120 F 113.3 * * * * * 
SattSIO F 114.8 * * * * * * 
Satt335 F 126.2 * * * * 
Sattl44 F 157.8 
Satt395 F 178.2 
Sat_074 F 181.8 * * * * * * 
Satt038 G 0.0 * * * * * 
Satt309 G 1.9 * 
Satt324 G 25.9 * * * 
Satt394 G 51.6 * * * * 
Satt594 G 61.3 * * * * 
Satt340 G 77.4 
Satt505 G 100.1 * 
Sattl99 G 100.8 
Satt517 G 103.2 * * 
Sat_117 G 138.4 * * * * 
SetJ 87 G 155.7 * * * 
Satt568 H 27.6 
Sattl92 H 41.1 * * * 
Satt469 H 68.5 * * * 
Satt314 H 77.3 * 
Satt302 H 110.4 * * 
Satt317 H 128.4 * 
Satt434 H 152.4 * 
Satt571 I 2.4 * * * * * * 
Sattl27 I 15.5 * * 
Satt239 I 25.3 * * * * * * 
Satt270 I 57.9 * * * * * 
Sattl48 I 84.5 * 
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Table 2 (continued) 
Satt440 I 114.2 * * * * 
Satt285 J 19.5 * * 
Satt596 J 63.6 * * * * 
Sattl 32 J 69.7 * * 
Satt529 J 74.4 
Sct_001 J 75.8 * * * * 
Satt244 J 105.5 * * * * 
Satt431 J 118.0 * 
Satt539 K 4.3 * 
Sat_087 K 7.3 * * * * 
Satl 19 K 20.3 * * * 
Sattl 78 K 55.1 * * 
Satt544 K 72.8 * * * * 
Satt559 K 85.2 * * * 
Satt273 K 120.0 * * * 
Satt260 K 145.1 * * * * * 
Sattl 96 K 164.8 
Satt588 K 184.6 * 
Satt495 L 4.5 * 
Sattl 43 L 31.8 * * * * * 
Satt523 L 32.4 * * * * * 
Satt462 L 49.3 * • * * 
Sattl 56 L 65.8 * * 
Sat_099 L 89.4 * * * * 
Satt373 L 118.0 * * * * * 
Satt513 L 118.6 * * * * 
Satt590 M 12.4 * * * * 
Satt567 M 41.0 * * * 
Satt540 M 45.5 * * * * * 
Satt323 M 77.6 * * 
Sattl 75 M 91.1 * * * 
Satt306 M 106.0 * * 
Sat_121 M 131.7 * * * * * * 
Satt210 M 152.6 * * * * * 
Satt336 M 173.5 * * * 
Sattl 52 N 16.3 * * * 
Satt584 N 35.4 * * * * 
Satt485 N 36.3 * * 
Satt387 N 61.2 * * * * 
Satt521 N 75.2 * * * * 
Sat_091 N 95.5 * * * * * 
Satt358 O 2.4 * * * * 
Satt487 O 5.7 * * * * * 
Satt500 0 10.9 * * * 
Satt445 0 25.0 * * 
Satt259 o 37.7 * * 
Satt479 o 68.4 * * * 
Satt478 o 81.7 * * * * 
Satt477 0 103.8 * 
Satt592 o 120.5 * * 
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Table 2 (continued) 
Satt331 O 127.9 
Sat_038 O 153.3 
Sat 108 O 164.5 
t The parents used to the CO populations of APIO and API 4 are abbreviated API OF and 
AP14F. AP10C0H and AP14C0H are the highest-yielding CO lines used to form the CI 
populations of APIO and AP14. The C4 lines of each population are designated AP10C4H, 
AP12C4H, and AP14C4H for the highest-yielding C4 lines of each population and AP10C4L 
and AP14C4L for the lowest-yielding C4 lines of APIO and API 4. 
% * indicates there was strong evidence (P < 0.001) to suggest the allele frequency at the 
locus was different between the two groups. 
Disequilibrium 
GPD was detected between pairs of linked and unlinked loci within APIO, API 2, and 
AP14 populations (Figs. A6 to A8). A fewer number of loci in GPD was observed in APIO 
than in AP12 and AP14 populations (Fig. A9). These results are not surprising due to the 
population admixture that occurred between original PI and elite parents to form the CO 
population of API 2 and the fewer number of ancestors that contributed to the elite parents of 
the CO of AP14 than to the PI parents of APIO (Delannay et al., 1983; Lynch and Walsh, 
1998). The amount of GPD in each population seemed to decay in the C4 populations. The 
number of pairs of loci in GPD was greater in the parents used to form the CO of each 
population than in the C4 lines (Fig. A9). The intermating during recurrent selection 
probably was the cause of the decay of GPD. GPD did not decay as much in APIO as it 
decayed in API2 and API4. The GPD that remained after selection between unlinked loci 
may be attributed in part to the selection of unlinked epistatic alleles. Epistasis is thought to 
play a significant role in the expression of many traits and two-locus epistasis in soybean was 
reported by Lark et al. (1995) and Orf et al. (1999b). The amount of GPD between linked 
loci indicated that whole-genome association scans were possible in these populations, and 
agreed well with theoretical expectations of LD in self-fertilizing species (Nordborg et al., 
2002; Rafalski, 2002a; Rafalski, 2002b). Further characterization of GPD in plant species 
would be useful to determine the appropriate marker density and association mapping 
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Figure 7. Allele frequencies for Sattl 14 in the soybean population APIO. AP10F = 40 
parents used to form the CO population of APIO. APIOCOH = 20 highest-yielding CO 
lines used to form the CI population of APIO. AP10C4H =15 highest-yielding C4 lines 
of APIO. AP10C4L =15 lowest-yielding C4 lines of APIO. 
39 
0 .4  -
0 .3  -




0 .1  -
Satt l  14 -  AP12F 
I i ll 
U M 
1  2  3  4  5  6  
Allele 
0 .3  n  
5 0 .2  -
|  
I  0.1  -
n 
Satt l  14 -  AP12C4H 
II ll U n I I I | | | 
1  2  3  4  5  6  
Allele 
Figure 8. Allele frequency for Sattl 14 in soybean population AP12. AP12F = 79 
parents used to form the CO population of API 2. AP14C4H =13 highest-yielding C4 
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Figure 9. Allele frequencies for Sattl 14 in soybean population AP14. AP14F = 39 
parents used to form the CO population of API 4. AP14C0H = 20 highest-yielding CO 
lines used to form the CI population of API 4. AP14C4H = 15 highest-yielding C4 
lines of API 4. AP14C4L =15 lowest-yielding C4 lines of API 4. 
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Intra-population Allele Frequency Comparisons 
The allele frequency changes of the marker locus Sattl 14 provided an example of the 
changes in allele frequencies that were observed in APIO, AP12, and AP14 (Figs. 7 to 9). In 
the parents that were used to form the CO population of APIO, allele 1 was the most common 
allele, while allele 5 was present in only one of the 40 original parents (Fig. 7). After the 
selection of the 20 highest-yielding lines from the CO population that were used as parents to 
form the CI population, there had been a slight decrease in the frequency of allele 1 and an 
increase in the frequency of allele 5. Allele 1 was not present in the highest-yielding C4 lines 
of APIO and allele 5 increased to a frequency of greater than 0.55. In the lowest-yielding C4 
lines of APIO, allele 1 remained in the population at a higher frequency than allele 5. In 
API2, allele 1 had a higher frequency than allele 5 in the parents used to form the CO 
population, but allele 1 had a lower frequency than allele 5 in the highest-yielding C4 lines 
(Fig. 8). Allele 1 had a low frequency and allele 5 had a high frequency in the parents used 
to form the CO population of AP14 (Fig. 9). Allele 1 was lost from the population and allele 
5 increased in frequency in the parents selected to form the CI population. The frequency of 
allele 5 decreased in favor of allele 2 in the highest- and lowest-yielding C4 lines of API 4. 
In the three populations, alleles 1 and 4 generally decreased in frequency while alleles 2 and 
5 generally increased in frequency. In future research, the allele substitution of allele 5 for 
allele 1 may increase yield. The average effect of allelic substitutions at this locus should be 
estimated as was done by Delannay and Concibido (2000) for another putative yield QTL. 
Test for Goodness-of-fit 
The intra-population comparisons of frequencies of alleles between the original 
parents of AP10, API2, and API4 and the highest-yielding C4 lines of each population and 
between the parents of the CO and CI populations and the C4 lines of AP10 and API 4 
generated a large number of loci that had different allele frequencies (Tables A4 to A8). The 
Williams Corrected G-test could not separate allele frequency changes that were due to 
random effects such as genetic drift and from changes due to the favorable effect of an allele 
substitution. One of the primary components of genetic drift is Ne, which was estimated by 
Narvel (1999) to be 12 during recurrent selection in AP10 to AP14. The estimate considered 
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the inbreeding coefficient of a single cycle and ignored the different genetic distances 
between APIO and API 4 individuals. The simulation of the flow of alleles from the early 
cycles of selection to the highest-yielding C4 lines was more useful than the G-test to 
associate changes in allele frequency with yield QTL because simulation accounted for 
random genetic drift in APIO, API2, and API4. 
A G-test identified loci that differed between the highest- and lowest-yielding C4 
lines within APIO and API 4 (Tables A5 and A8). In APIO, the yield of the highest-yielding 
C4 lines ranged from 3712 to 4116 kg ha"1 and the range in yield of the lowest-yielding C4 
lines was 3177 to 3344 kg ha"1. The yield ranged from 4180 to 4367 kg ha"1 for the highest-
yielding lines and 3349 to 3722 kg ha"1 for the lowest yielding lines of the C4 of API 4. 
Yield QTL 
Molecular markers were identified that had significant allele frequency changes at the 
threshold probability level of LOD >1.0 (Table 3). The marker alleles with frequency 
changes were putatively associated with alleles that have undergone selection at yield QTL. 
There were 74 alleles at 61 SSR markers identified in APIO, 48 alleles at 38 SSRs in AP12, 
and 40 alleles at 35 SSRs in AP14. There were 33 alleles at 29 SSRs unique to the Pis, 13 
alleles at 13 SSRs unique to the elites, and 103 alleles at 69 SSRs in both the PI and elite 
parents (Table 3). The difference between the number of significant marker alleles and loci 
indicated that more than one allele at some loci was influenced by selection for yield. 
Mansur et al. (1996) found that in the Minsoy x Noir 1 population, most traits were 
controlled by the major effects of a few QTL. The number of loci that had allele frequency 
shifts greater than that expected due to random genetic drift does not agree with the 
conclusion of Mansur et al. (1996), but does correspond to the theory that a large number of 
loci are involved in the expression of yield. 
Table 3. SSR marker alleles with significant frequency changes when simulation accounted for genetic drift in the soybean 
populations APIO, API2, and AP14 . 
APIO AP12 AP14 
F to C4H5 COH to C4H F to C4H F to C4H COH to C4H 
Marker LGn Position Allele Sourc 
Satt276 A1 5.1 11 E 
Sattl 65 A1 14.6 1 P 
Satt364 A1 19.1 1 • 'c  
Satt364 A1 19.1 2 P 
Satt471 A1 19.1 3 C 
Satt385 A1 69.9 6 E 
Satt545 A1 75.3 7 C 
Satt545 A1 75.3 8 c 
Satt390 A2 8.6 1 c 
Satt390 A2 8.6 2 c 
Satt493 A2 23.3 1 c 
Satt493 A2 23.3 2 c 
Satt493 A2 23.3 3 c 
Sattl 87 A2 50.0 2 c 
Sattl 87 A2 50.0 4 c 
Sat_129 A2 78.3 8 E 
Satt455 A2 138.2 2 c 
Satt455 A2 138.2 3 c 
Satt409 A2 154.7 3 c 
Satt378 A2 175.2 1 c 
Satt378 A2 175.2 2 c 
Satt378 A2 175.2 3 c 
Satt429 A2 184.0 2 E 
Satt509 B1 26.7 1 P 
Satt509 B1 26.7 4 P 
Satt509 B1 26.7 6 c 
Satt444 B1 76.4 3 P 
Satt359 B1 92.1 1 c 
Satt577 B2 0.0 5 c 
Satt304 B2 69.3 2 c 
Satt066 B2 97.3 9 E 
1.19 0.679 0.071 
1.01 0.778 0.928 
1.17 0.111 0.045 
1.18 0.107 0.044 
1.19 0.500 0.050 
1.42 0.182 0.026 
1.08 0.357 0.043 
1.00 0.750 0.269 
1.01 0.214 0.052 
1.01 0.286 0.048 
1.02 0.714 0.169 
1.14 0.625 0.089 
LOD Obs freq Exp freq LOD Obs freq Exp freq LOD Obs freq Exp freq 
1.11 0.167 0.037 
1.43 0.167 0.020 
1.41 0.833 0.981 
1.80 0.167 0.008 
1.39 0.136 0.020 
1.43 0.250 0.019 
1.02 0.500 0.903 
1.21 0.143 0.031 
1.14 0.136 0.035 
1.04 0.125 0.049 
1.04 0.143 0.062 1.01 0.143 0.051 
1.04 0.857 0.938 1.01 0.857 0.949 
1.77 0.286 0.012 
1.89 0.571 0.989 1.00 0.571 0.936 
1.89 0.429 0.011 1.00 0.429 0.064 
1.06 0.214 0.714 
1.37 0.786 0.077 1.57 0.786 0.145 
1.62 0.571 0.027 1.02 0.571 0.114 
1.14 0.607 0.066 
1.19 0.346 0.045 1.02 0.107 0.051 
2.07 0.417 0.005 
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Table 3 (continued) 
Satt565 Cl 0.0 2 C 
SOYGPATR Cl 21.0 3 C 
Satt578 Cl 74.0 1 P 1.36 0.286 0.031 
Satt578 Cl 74.0 2 C 1.20 0.393 0.917 
Satt578 Cl 74.0 3 C 1.13 0.321 0.052 
Sat_085 Cl 96.5 3 C 1.03 0.429 0.074 
Sat_085 Cl 96.5 5 C 
Sat_085 Cl 96.5 9 C 
Sat_085 Cl 96.5 11 E 
Sattl 90 Cl 99.0 1 C 
Satt294 Cl 105.4 1 •' C 1.23 0.417 0.045 
Satt294 Cl 105.4 3 C 
Satt338 Cl 173.0 3 C 1.03 0.538 0.093 
Sat_062 C2 29.2 13 E 
Satt277 C2 138.8 2 C 1.03 0.400 0.075 
Satt277 C2 138.8 7 C 
Satt357 C2 193.5 2 P 
Sattl 84 Dla+Q 8.3 1 C 
Satt368 Dla+Q 41.1 8 c 1.44 0.107 0.024 
Satt436 Dla+Q 89.3 4 p 1.17 0.350 0.047 
Sattl 57 Dlb+W 14.9 3 c 
Sattl57 Dlb+W 14.9 8 p 
Sattl 41 Dlb+W 52.8 4 E 
Satt274 Dlb+W 82.5 6 P 
Satt274 Dlb+W 82.5 7 C 1.30 0.154 0.034 
Satt459 Dlb+W 98.6 1 c 1.12 0.857 0.946 
Satt459 Dlb+W 98.6 2 c 1.22 0.143 0.042 
Sctt008 D2 0.0 3 p 
Sattl35 02 34.7 4 p 
Satt458 D2 34.7 9 c 1.04 0.250 0.064 
Satt389 02 93.8 6 c 1.36 0.417 0.034 
Satt311 D2 106.6 1 c 
Satt311 02 106.6 2 E 
Satt311 02 106.6 6 P 1.25 0.214 0.038 
Satt082 D2 112.1 2 C 







1.33 0.154 0.025 
1.06 0.214 0.047 
1.60 0.667 0.051 
1.34 0.607 0.053 
1.12 0.300 0.042 
1.90 0.100 0.006 
1.68 0.167 0.010 
1.31 0.357 0.027 
1.10 0.200 0.042 
1.89 0.318 0.007 
1.63 0.318 0.013 
1.71 0.167 0.010 
1.06 0.167 0.712 
1.67 0.375 0.012 
1.78 0.143 0.011 
1.14 
1.00 0.143 0.068 
1.00 
1.00 0.727 0.155 1.57 




1.05 0.464 0.836 
Table 3 (continued) 
Satt301 D2 121.8 5 P 
Satt411 E 22.5 4 P 1.04 0.308 0.064 
Satt598 E 43.5 1 C 
Sat_124 E 64.4 8 C 1.14 0.385 0.056 
Sat_124 E 64.4 11 C 
Sat_124 E 64.4 15 C 1.71 0.231 0.013 
Sat J 24 E 64.4 19 P 1.63 0.154 0.015 
Sat_124 E 64.4 20 P 
Sattl 46 F 0.0 2 C 
Sattl46 F 0.0 4 C 1.41 0.143 0.025 
Satt516 F 50.7 4 P 1.13 0.143 0.050 
Sattl 14 F 80.6 5 C 1.65 0.607 0.025 
Satt334 F 95.0 4 C 
Satt334 F 95.0 5 P 
Sat_120 F 113.3 5 C 
Sat_120 F 113.3 10 C 1.15 0.222 0.048 
SattSIO F 114.8 4 C 1.02 0.607 0.105 
Sat_074 F 181.8 6 C 
Sat_074 F 181.8 15 C 1.31 0.286 0.034 
Satt309 G 1.9 5 C 1.03 0.375 0.068 
Satt324 G 25.9 2 C 1.74 0.393 0.013 
Satt517 G 103.2 5 C 
Sattl 92 H 41.1 4 P 
Satt469 H 68.5 1 C 1.33 0.500 0.953 
Satt469 H 68.5 2 c 1.26 0.500 0.047 
Satt317 H 128.4 4 p 1.36 0.214 0.030 
Satt434 H 152.4 8 c 
Sattl 27 I 15.5 1 p 
Sattl 27 I 15.5 2 c 
Sattl27 I 15.5 3 c 1.12 0.179 0.052 
Sattl 27 I 15.5 4 c 
Satt239 I 25.3 2 c 1.13 0.143 0.048 
Satt239 I 25.3 3 c 
Satt239 I 25.3 4 p 





1.42 0.500 0.958 
1.26 0.500 0.042 
1.28 0.179 0.025 
1.28 0.143 0.024 
1.19 0.167 0.034 
1.22 0.100 0.032 
1.26 0.400 0.035 
1.53 0.100 0.016 
1.17 0.462 0.057 
1.11 0.923 0.140 
1.09 0.464 0.906 
1.47 0.500 0.027 
1.19 1.000 0.256 
1.03 0.222 0.051 
1.70 0.385 0.015 
1.10 0.273 0.043 5 
1.80 0.208 0.011 
1.31 0.455 0.028 
1.54 0.182 0.016 
1.04 0.100 0.046 
1.30 0.136 0.027 
1.11 0.591 0.074 1.66 0.429 0.016 
1.57 0.182 0.860 1.27 0.571 0.959 
1.66 0.286 0.015 
1.28 0.667 0.104 
Table 3 (continued) 
Satt270 I 57.9 5 C 
Satt529 J 74.4 1 C 1.08 0.857 0.958 
Sat_087 K 7.3 6 P 
Sat_087 K 7.3 8 P 
Sat_087 K 7.3 U E 
Sat_087 K 7.3 12 C 1.12 0.556 0.076 
Sat_119 K 20.3 6 C 
Sat_119 K 20.3 12 c 
Satt544 K 72.8 5 p 1.12 0.143 0.039 
Satt544 K 72.8 7 c 
Satt273 K 120.0 4 c 
Satt273 K 120.0 5 c 1.35 0.500 0.042 1.29 0.500 0.048 
Sattl43 L 31.8 3 c 1.42 0.179 0.025 
Satt462 L 49.3 3 p 
Satt462 L 49.3 4 c 1.12 0.808 0.237 
Satt462 L 49.3 6 c 
Satt462 L 49.3 9 p 
Satt590 M 12.4 6 c 1.53 0.464 0.020 
Satt590 M 12.4 7 •c 
Satt567 M 41.0 1 c 1.08 0.643 0.163 
Satt540 M 45.5 2 c 1.70 0.214 0.013 
Satt540 M 45.5 6 c 
Sattl75 M 91.1 5 c 
Sattl75 M 91.1 7 c 1.39 0.286 0.030 
Satt306 M 106.0 3 p 
Sat_121 M 131.7 7 c 1.10 0.154 0.055 
Sat_121 M 131.7 8 c 
Sat_121 M 131.7 9 c 1.51 0.192 0.020 
Sat_121 M 131.7 13 p 1.69 0.115 0.013 
Satt2l0 M 152.6 2 c 1.20 0.179 0.043 1.28 0.179 0.028 
Satt336 M 173.5 2 c 1.16 0.393 0.852 
Sattl52 N 16.3 2 p 1.96 0.714 0.015 
Satt584 N 35.4 2 c 1.02 0.429 0.078 
Satt521 N 75.2 4 p 
Sat_091 N 95.5 3 c 1.05 0.269 0.060 
1.01 0.542 0.082 
1.27 0.111 0.028 
1.68 0.222 0.011 
1.21 0.1 U 0.029 
1.38 0.333 0.023 
1.38 0.292 0.020 
1.35 0.143 0.030 1.05 0.143 0.043 
1.11 0.286 0.053 
1.52 0.429 0.024 
1.10 0.200 0.042 
1.15 0.143 0.048 
1.23 0.100 0.031 
S 
1.16 0.375 0.048 1.04 0.375 0.050 
1.19 0.833 0.262 1.10 0.269 0.054 
1.39 0.250 0.027 1.07 0.250 0.046 
1.58 0.333 0.015 
1.13 0.909 0.273 
1.20 0.182 0.032 
1.09 0.591 0.083 
1.13 0.227 0.040 
Table 3 (continued) 
Sat_091 N 95.5 5 C 1.03 0.154 0.046 
Sat_091 N 95.5 6 P 1.09 0.346 0.042 
Satt358 0 2.4 3 E 1.28 0.250 0.035 
Satt358 0 2.4 5 C 1.18 0.750 0.104 1.35 0.750 0.151 
Satt487 0 5.7 4 C 1.02 0.179 0.065 
Satt487 0 5.7 5 C 2.14 0.643 0.011 
Satt259 0 37.7 3 C 1.31 0.429 0.035 
Satt478 0 81.7 7 C 1.16 0.107 0.045 1.00 0.107 0.054 
Satt477 0 103.8 3 C 1.03 0.143 0.049 
Satt592 0 120.5 1 C 1.40 0.179 0.026 1.27 0.167 0.028 
Satt331 0 127.9 2 C 1.03 0.214 0.063 
Sat_038 0 153.3 1 E 1.58 0.143 0.018 
Sat 108 0 164.5 11 E 1.95 0.364 0.007 
f Favorable and unfavorable alleles were reported and more than one allele per locus may be significant. 
$ Origin of alleles was plant introduction (P), elite (E), or common to plant introductions and elites (C). 
§ F = the parents used to form the CO population, COH = the highest-yielding CO lines used to form the CI populations of API 0 
and API4, and C4H = the highest-yielding C4 lines within each population. 
t LOD = logarithm of odds. 
ft LG = linkage group. 
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Graphs of the SSR map position plotted against the LOD score for significant and 
non-significant alleles showed that sometimes the LOD scores at linked loci exceeded the 
significance threshold (Figs. A10 to A14). LD may extend over several cM in some regions 
in API0, API2, and API4. A marker with an extremely low LOD score was occasionally 
observed within a few cM of a locus that had a very high LOD score. The result seemed to 
contradict the idea that LD is extensive in the three populations. The allele frequency data 
revealed that loci with alleles with low LOD scores that were tightly linked to alleles with 
high LOD scores usually had an extreme allele frequency expectation in the highest-yielding 
C4 lines. If the expected frequency of an allele was high and the allele was fixed or if the 
expected frequency of an allele was low and the allele was lost, a low LOD score resulted 
because the two events easily could have occurred through random drift alone. 
Unique PI Alleles 
Narvel et al. (2000) measured the diversity of the original parents of the CO 
populations of AP10 to API 4 with SSR markers and observed a greater number of alleles in 
the PI parents than in the elite parents. The results of this study indicated that some of those 
unique PI alleles remained after the fourth cycle of selection and increased appreciably in 
frequency in the highest-yielding C4 individuals of AP10 and AP12 (Table 3). 
The fates of the 33 unique PI alleles were compared in AP10 and AP12. The 
frequency of 30 of the unique PI alleles did not increase significantly in both AP10 and 
AP12. This was expected because rare alleles were probably lost due to the restriction on the 
number of alleles from the CO parents to the CI parents and because of random genetic drift 
from CI to C4. The three PI alleles at Satt436, Satt411, and Satt317 showed similar 
increases in frequency in both AP10 and API2 (Table 3). The PI alleles may deserve special 
consideration for identifying unique genes for yield that may be useful in elite breeding 
programs. The usefulness of the yield genes associated with the unique PI alleles will be 
contingent on their effect on yield compared with yield genes of elite lines at the same QTL. 
Favorable alleles for yield in a PI genetic background may not be favorable in an elite 
background. Reyna and Sneller (2001) evaluated the introgression of yield QTL from a 
northern soybean cultivar into elite southern cultivars by use ofNILs that theoretically 
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differed for a single yield QTL. They found that while the allele from the donor cultivar was 
identified as an allele that contributed to high yield, the effect of the allele was dependent 
upon the genetic background of the allele. They found no evidence to suggest that the alleles 
from the northern donor cultivars were better than existing southern alleles when in southern 
cultivars that were grown in southern environments. 
The concepts of the genotype (G), environment (E), phenotype (P), and the 
interaction between genotype and environment (G x E) are well known to plant breeders. 
The useful formula P = G + E + (G><E) indicates that the phenotype of an organism is 
dependent upon the genotype, the environment, and the interaction of genotype and 
environment. The genotype, or genetic background, of an organism can be further dissected. 
The summation of alleles (A) over loci (1) is analogous to the genotype, and the introduction 
of another term, E', is used to account for the genetic environment, i.e. the genetic 
2 n 
background where the allele resides. Now G = ^  {A + E' + (A X E')j , where the summation 
i=i 
occurs over the 2n loci if the organism is a diploid. The plant breeder who utilizes 
conventional methods or molecular techniques such as transformation and marker-assisted 
selection (MAS) should refer to the modified equation that was constructed to define the 
In F 2n 
phenotype of an organism, where P = ^ {A + E' + (A X E')}+E+ ^{A + E' + (Ax £")}X E .  
i=i L <=i 
When the genotype is dissected in this a manner, the AxE' term is prevalent in the 
constitution of the phenotype, and it becomes clear why the effect of an allele may be 
favorable in one genetic background and have no effect or a negative effect in another 
genetic background. The expanded equation of the phenotype also presents the opportunity 
to analyze other interaction terms previously not accounted for in the traditional view of the 
phenotype. For example, the ((AxE')x É) term may be an important component of the 
phenotype, although its complexity may preclude its quantification. The large exotic gene 
pool represents a huge potential resource to elite breeding programs (Tanksley and 
McCouch, 1997), but the effects of unique PI alleles must be tested in elite genetic 
backgrounds. 
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QTL Across Populations and Studies 
There were eight yield QTL identified commonly across AP10, API2, and API4 
(Fig. 10). The results obtained from AP10, AP12, and AP14 were compared with the studies 
of yield QTL mapping in bi-parental populations. There were four yield QTL reported by 
Orf et al. (1999a), one by Delannay and Concibido (2000), six by Specht et al. (2001), and 
four by Yuan et al. (2002). I identified a total of 92 SSR markers associated with 56 yield 
QTL in AP10, AP12, and AP14 (Fig. 10). The greater number of yield QTL identified in my 
study than in previous research reflected the greater number of PI and elite parents used to 
form the CO populations. The larger number of parents provided the opportunity for a greater 
number of QTL alleles to segregate than would be possible in any bi-parental population. 
Twelve of the SSR markers associated with yield QTL in my study were in regions where 
nine yield QTL had been identified in previous research (Fig. 10). A yield QTL detected 
with Satt066 on B2 was identified previously by Delannay and Concibido (2000) with the 
AFLP marker U3944117. Satt294 on CI was associated with a yield QTL in my study and 
also by Yuan et al. (2002). Satt277 on C2 identified a yield QTL in the same region that was 
reported by Orf et al. (1999a) with the markers Satt277 and Satt489 and by Specht et al. 
(2001) with the markers Satt205 and Satt489. The marker Sat 074 on F was associated with 
a QTL for yield in my study and in a study by Specht et al. (2001). A QTL on H was 
associated with Satt469, and Specht et al. (2001) used the linked marker, Satt314, to identify 
the same yield QTL. Two regions containing yield QTL that were identified on K also were 
reported by Yuan et al. (2002). They found the first QTL on K was associated with Satt337 
and Satt326 and the second QTL was associated with Satt539. The markers Satt590 and 
Satt567 on M identified a yield QTL that was detected by Orf et al. (1999a) using SattlSO 
and by Specht et al. (2001) using SattlSO and Satt567. The marker Satt521 on N identified a 
yield QTL that Specht et al. (2001) associated with the classical marker Rpg4. 
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Figure 10. Location of putative yield QTL identified by changes in allele frequency in soybean populations AP10, AP12, and 
API4 and previously reported QTL for yield. 
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Restriction of Alleles 
There was a larger reduction in AP10 than in API4 for the number of significant 
allele frequency changes when the C4 lines were compared with the original PI or elite 
parents than when they were compared with the 20 highest-yielding lines used to form the CI 
populations. When the 15 highest-yielding C4 lines were compared with the 40 parents of 
the CO population of AP10, 58 alleles were significant at LOD >1.0 (Table 4). When the 20 
highest-yielding CO lines of AP10 were used as the ancestors, 29 alleles were significant. 
When the 15 highest-yielding C4 lines in API 4 were compared with the 40 parents of the CO 
population, 29 alleles were significant. When the 15 highest-yielding C4 lines were 
compared with the 20 CO lines used to form the CI population of API 4, 24 alleles were 
significant. 
Table 4. Number of SSR marker alleles and loci with frequency changes at different LOD 
scores in the soybean populations AP10, AP12, and AP14. 
Number of Alleles! Number of Locif 
LODt LODt 
Population Changes 1.00 1.25 1.50 1.00 1.25 
API OF to AP10C4H5 58 25 9 34 13 
AP10C0 to AP10C4H 29 11 1 16 4 
AP12F to AP12C4H 48 26 14 26 16 
AP14F to AP14C4H 29 16 11 15 10 
AP14C0 to AP14C4H 24 6 3 16 3 
fIncludes both positive and negative frequency changes. 
$LOD = logarithm of odds. 
§AP10F = 40 parents of the cycle 0 (CO) population, AP10C0 = 20 parents of the cycle 1 
(CI) population, and AP10C4H = 15 highest-yielding lines from the cycle 4 (C4) population 
of AP10. AP12F = 79 parents of the CO population and AP12C4H = 13 highest-yielding 
lines from the cycle 4 (C4) population of AP12. APÎ4F - 39 parents of the CO population, 
AP10C0 = 20 parents of the cycle 1 (CI) population, and AP14C4H = 15 highest-yielding 
lines from the cycle 4 (C4) population of API 4. 
The greater reduction in AP10 than API4 for the number of significant alleles 
identified with the parents of the CO compared with the parents of the CI populations may 
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explain in part the change in the genetic variability for yield associated with recurrent 
selection in the two populations. Velio et al. (1984) obtained genetic variability estimates of 
65 x 103 ± 10 x 103 kg ha"1 for Af 10 and 31 x 103 ± 6 x 103 kg ha"1 for AP14 among lines in 
the CO population, while Narvel (1999) obtained estimates of 31 x 103 ± 6 x 103 kg ha"1 for 
AP10 and 35 x 103 ± 7 x 103 kg ha"1 for API4. The use of 20 inbred CO lines to form the CI 
populations restricted the number of alleles from the original parents that would be available 
for subsequent cycles of selection. The restriction was more important in the reduction of 
genetic variability among lines for yield in API0 than API4. The results indicated that the 
effectiveness of using a large number of parents to develop broad-based populations for 
recurrent selection may be limited by the number of lines selected as parents for each cycle 
of selection. 
Genetic Asymmetry 
The number of alleles with significant frequency changes in AP10, AP12, and AP14 
did not correspond to the genetic gain for yield that had been realized during three cycles of 
selection in the three populations. In my study, the number of markers with significant 
changes in allele frequency was greatest for AP10, intermediate for API2, and least for API4 
(Table 4). Ininda et al. (1996) reported that the percentage yield increase from the first three 
cycles of selection was 2.5% cycle"1 in AP10, 3.1% in AP12, and 5.4% in AP14. The greater 
genetic gain in API 4 for the initial cycles of selection may be due to genetic asymmetry. 
Allele frequencies near 0.5 maximize the heritability for additive traits (Falconer and 
Mackay, 1996). In Tables 4 and 5, the expected allele frequencies of SSR markers associated 
with yield QTL represent the allele frequencies that were present in the parents of the CO and 
CI populations. The observed allele frequencies indicate the allele frequencies that were 
present in the highest-yielding C4 lines that would be used to form the C5 populations. The 
percentage of alleles that had expected frequencies between 0.3 and 0.8 was 2.7% for AP10, 
4.2% for AP12, and 10.0% for AP14. The percentage of alleles with observed frequencies 
between 0.3 and 0.8 was 71.6% for AP10, 43.8% for AP12, and 60.0% for AP14. The 
increase in the percentage of alleles with frequencies near 0.5 suggested the heritability and 
genetic gain for yield may increase in future cycles of selection for yield in AP10, API2, and 
API 4. The higher percentage of QTL alleles with intermediate frequencies in AP10 
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compared with API4 indicates that AP10 might have an increased rate of genetic gain for 
yield over API4 in future cycles of selection for yield. 
Future Research 
Plant breeders often state MAS for favorable QTL alleles as the motivation to 
perform QTL analyses. Implementation of MAS is rarely accomplished directly following 
the initial identification of a favorable QTL allele (Dudley, 1993). Prior to the initiation of 
MAS, the average effect of the allele should be determined in a number of genetic 
backgrounds. Methods to determine the effect of an allele vary in their degree of 
sophistication. One method to test the average effect of an allelic substitution would be to 
develop a series of populations, which segregate for the putative QTL of interest and use 
molecular markers to identify, derive, and inbreed lines that are homozygous for each allele 
class. Comparison of the average performance of lines with each allele gives one indication 
of the effect of the allele. A variation of this is to use backcrossing to generate nearly 
isogenic lines (NILs) and test average performance of lines with a purported favorable allele 
versus those with a supposed unfavorable allele. A similar strategy was employed by 
Delannay and Concibido (2000) to confirm the favorable effect of an allele for increased seed 
yield in soybean. A more informative but more difficult approach is to dissect the QTL by 
fine-mapping, cloning, transformation, and complementation. This approach was used by 
Frary et al. (2000) to measure the effect of a fruit size QTL in tomato. 
There is room for major improvements in the analysis of pedigreed data in plants. 
Jannink et al. (2001) concluded that a major limitation in the use of complex pedigree 
information to map QTL in plants was the lack of software designed for such analyses. 
Recent work by Bink et al. (2002) has laid the statistical framework for Bayesian analysis of 
QTL in complex plant populations. In the foreseeable future, the limitation of standardized 
and amenable software packages that accommodate Markov chain Monte Carlo (MCMC) 
methods will hinder the widespread application of Bayesian techniques in QTL detection in 
plants. 
AP10 to API4 presented a unique opportunity to observe the genotypic and 
phenotypic changes concomitant with selection for yield in soybean. There are few examples 
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of recurrent selection for yield in soybean. Many soybean breeders in the public and private 
sectors have focused on yield improvement through the development of F2 populations. 
Recurrent selection is ideal to observe genetic and phenotypic changes because selection, 
intermating, and inbreeding are consistent forces over generations. The continuation of 




Table Al. SSR allele frequencies and polymorphic index content values in soybean populations APIO, AP12, and Af 14. 
API OF* AP12Ff AP14Ff AP10C0Hf AP14C0Hf 
Marker LG* Position Allele Count Total Freq PIC5 Count Total Freq PIC Count Total Freq PIC Count Total Freq PIC Count Total Freq PIC 
Satt276 Al 5.1 1 2 78 0.0256 0.71 2 156 0.0128 0.52 0 0 0.0000 0.23 0 0 0.0000 0.71 0 0 0.0000 0.18 
Satt276 Al 5.1 2 39 78 0.5000 107 156 0.6859 68 78 0.8718 15 34 0.4412 36 40 0.9000 
Satt276 Al 5.1 4 0 0 0.0000 2 156 0.0128 2 78 0.0256 0 0 0.0000 0 0 0.0000 
Satt276 Al 5.1 5 2 78 0.0256 2 156 0.0128 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 Al 5.1 6 2 78 0.0256 2 156 0.0128 0 0 0.0000 2 34 0.0588 0 0 0.0000 
Satt276 Al 5.1 7 2 78 0.0256 2 156 0.0128 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 Al 5.1 8 2 78 0.0256 2 156 0.0128 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 Al 5.1 9 2 78 0.0256 2 156 0.0128 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 Al 5.1 10 5 78 0.0641 5 156 0.0321 0 0 0.0000 9 34 0.2647 0 0 0.0000 
Satt276 Al 5.1 11 0 0 0.0000 6 156 0.0385 6 78 0.0769 0 0 0.0000 4 40 0.1000 
Satt276 Al 5.1 12 0 0 0.0000 2 156 0.0128 2 78 0.0256 0 0 0.0000 0 0 0.0000 
Satt276 Al 5.1 13 2 78 0.0256 2 156 0.0128 0 0 0.0000 1 34 0.0294 0 0 0.0000 
Satt276 Al 5.1 14 2 78 0.0256 2 156 0.0128 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 Al 5.1 15 6 78 0.0769 6 156 0.0385 0 0 0.0000 2 34 0.0588 0 0 0.0000 
Satt276 Al 5.1 16 12 78 0.1538 12 156 0.0769 0 0 0.0000 5 34 0.1471 0 0 0.0000 
Sattl65 Al 14.6 1 2 78 0.0256 0.62 2 150 0.0133 0.68 0 0 0.0000 0.62 0 0 0.0000 0.50 0 0 0.0000 0.48 
Sattl65 Al 14.6 2 38 78 0.4872 50 150 0.3333 12 72 0.1667 16 34 0.4706 1 36 0.0278 
Sattl65 Al 14.6 3 29 78 0.3718 57 150 0.3800 28 72 0.3889 18 34 0.5294 10 36 0.2778 
Sattl65 Al 14.6 4 6 78 0.0769 38 150 0.2533 32 72 0.4444 0 0 0.0000 24 36 0.6667 
Sattl65 Al 14.6 5 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 1 36 0.0278 
Sattl65 Al 14.6 6 3 78 0.0385 3 150 0.0200 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt364 Al 19.1 1 79 80 0.9875 0.02 151 154 0.9805 0.04 72 74 0.9730 0.05 36 36 1.0000 0.00 40 40 1.0000 0.00 
Satt364 Al 19.1 2 1 80 0.0125 1 154 0.0065 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt364 Al 19.1 3 0 0 0.0000 2 154 0.0130 2 74 0.0270 0 0 0.0000 0 0 0.0000 
Satt471 Al 19.1 1 11 78 0.1410 0.40 46 156 0.2949 0.56 35 78 0.4487 0.62 3 40 0.0750 0.23 25 36 0.6944 0.44 
Satt471 Al 19.1 2 59 78 0.7564 90 156 0.5769 31 78 0.3974 35 40 0.8750 10 36 0.2778 
Satt471 Al 19.1 3 8 78 0.1026 20 156 0.1282 12 78 0.1538 2 40 0.0500 1 36 0.0278 
Sattl55 Al 28.5 1 2 76 0.0263 0.61 3 152 0.0197 0.47 1 76 0.0132 0.26 3 38 0.0789 0.66 0 0 0.0000 0.00 
Sattl55 Al 28.5 2 41 76 0.5395 106 152 0.6974 65 76 0.8553 20 38 0.5263 36 36 1.0000 
Sattl55 Al 28.5 3 1 76 0.0132 1 152 0.0066 0 0 0.0000 3 38 0.0789 0 0 0.0000 
Sattl55 Al 28.5 4 21 76 0.2763 25 152 0.1645 0 0 0.0000 8 38 0.2105 0 0 0.0000 
Sattl55 Al 28.5 5 11 76 0.1447 17 152 0.1118 6 76 0.0789 3 38 0.0789 0 0 0.0000 
Sattl55 Al 28.5 6 0 0 0.0000 0 0 0.0000 0 0 0.0000 1 38 0.0263 0 0 0.0000 
SattOSO Al 44.4 1 49 78 0.6282 0.50 106 154 0.6883 0.45 57 76 0.7500 0.39 25 40 0.6250 0.53 31 38 0.8158 0.31 
SattOSO Al 44.4 2 25 78 0.3205 41 154 0.2662 16 76 0.2105 11 40 0.2750 5 38 0.1316 
SattOSO Al 44.4 3 2 78 0.0256 2 154 0.0130 0 0 0.0000 2 40 0.0500 0 0 0.0000 
SattOSO Al 44.4 4 1 78 0.0128 4 154 0.0260 3 76 0.0395 2 40 0.0500 2 38 0.0526 
SattOSO Al 44.4 7 1 78 0.0128 1 154 0.0065 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt385 Al 69.9 1 25 72 0.3472 0.58 43 148 0.2905 0.68 18 76 0.2368 0.67 9 40 0.2250 0.62 8 40 0.2000 0.56 
Table Al (continued) 
Satt385 Al 69.9 2 5 
Satt385 Al 69.9 3 39 
Satt385 Al 69.9 4 1 
Satt385 Al 69.9 5 2 
Satt385 Al 69.9 6 0 
Satt545 Al 75.3 1 0 
Satt545 Al 75.3 2 6 
Satt545 Al 75.3 3 2 
Satt545 Al 75.3 4 0 
Satt545 Al 75.3 5 15 
Satt545 Al 75.3 6 37 
Satt545 Al 75.3 7 2 
Satt545 Al 75.3 8 5 
Satt545 Al 75.3 9 4 
Satt545 Al 75.3 10 5 
Satt599 Al 83.2 1 36 
Satt599 Al 83.2 2 1 
Satt599 Al 83.2 3 32 
Satt599 Al 83.2 4 5 
Satt225 Al 87.3 1 0 
Satt225 Al 87.3 2 42 
Satt225 Al 87.3 3 6 
Satt225 Al 87.3 4 31 
Satt225 Al 87.3 5 1 
Satt390 A2 8.6 1 10 
Satt390 A2 8.6 2 47 
Satt390 A2 8.6 3 17 
Satt493 A2 23.3 1 72 
Satt493 A2 23.3 2 2 
Satt493 A2 23.3 3 4 
Satt493 A2 23.3 4 0 
Satt493 A2 23.3 6 0 
Sattl87 A2 50.0 1 37 
Sattl87 A2 50.0 2 29 
Sattl87 A2 50.0 3 10 
Sattl87 A2 50.0 4 4 
Satt424 A2 61.7 1 0 
Satt424 A2 61.7 2 47 
Satt424 A2 61.7 3 20 
Satt424 A2 61.7 4 2 
Satt424 A2 61.7 5 1 
0.0694 38 148 0.2568 
0.5417 61 148 0.4122 
0.0139 1 148 0.0068 
0.0278 2 148 0.0135 
0.0000 3 148 0.0203 
0.0000 0.70 4 150 0.0267 0.70 
0.0789 7 150 0.0467 
0.0263 2 150 0.0133 
0.0000 2 150 0.0133 
0.1974 30 150 0.2000 
0.4868 75 150 0.5000 
0.0263 3 150 0.0200 
0.0658 8 150 0.0533 
0.0526 8 150 0.0533 
0.0658 11 150 0.0733 
0.4865 0.57 93 152 0.6118 0.50 
0.0135 1 152 0.0066 
0.4324 53 152 0.3487 
0.0676 5 152 0.0329 
0.0000 0.57 0 0 0.0000 0.61 
0.5250 84 158 0.5316 
0.0750 38 158 0.2405 
0.3875 35 158 0.2215 
0.0125 1 158 0.0063 
0.1351 0.53 14 150 0.0933 0.35 
0.6351 119 150 0.7933 
0.2297 17 150 0.1133 
0.9231 0.14 139 156 0.8910 0.20 
0.0256 5 156 0.0321 
0.0513 12 156 0.0769 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.4625 0.64 42 156 0.2692 0.66 
0.3625 73 156 0.4679 
0.1250 10 156 0.0641 
0.0500 31 156 0.1987 
0.0000 0.59 4 158 0.0253 0.57 
0.5875 100 158 0.6329 
0.2500 20 158 0.1266 
0.0250 19 158 0.1203 










































33 76 0.4342 1 40 0.0250 24 40 0.6000 
22 76 0.2895 22 40 0.5500 8 40 0.2000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
3 76 0.0395 6 40 0.1500 0 0 0.0000 
4 74 0.0541 0.68 0 0 0.0000 0.77 0 0 0.0000 0.38 
1 74 0.0135 1 40 0.0250 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 74 0.0270 1 40 0.0250 0 0 0.0000 
15 74 0.2027 5 40 0.1250 7 38 0.1842 
38 74 0.5135 15 40 0.3750 29 38 0.7632 
1 74 0.0135 0 0 0.0000 0 0 0.0000 
3 74 0.0405 8 40 0.2000 0 0 0.0000 
4 74 0.0541 3 40 0.0750 2 38 0.0526 
6 74 0.0811 7 40 0.1750 0 0 0.0000 
57 78 0.7308 0.39 15 36 0.4167 0.54 32 38 0.8421 0.27 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
21 78 0.2692 19 36 0.5278 6 38 0.1579 
0 0 0.0000 2 36 0.0556 0 0 0.0000 
0 0 0.0000 0.54 0 0 0.0000 0.51 0 0 0.0000 0.48 
42 78 0.5385 16 40 0.4000 24 40 0.6000 
32 78 0.4103 1 40 0.0250 16 40 0.4000 
4 78 0.0513 23 40 0.5750 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 76 0.0526 0.10 5 38 0.1316 0.55 2 40 0.0500 0.10 
72 76 0.9474 23 38 0.6053 38 40 0.9500 
0 0 0.0000 10 38 0.2632 0 0 0.0000 
67 78 0.8590 0.25 38 40 0.9500 0.10 32 38 0.8421 0.28 
3 78 0.0385 0 0 0.0000 2 38 0.0526 
8 78 0.1026 2 40 0.0500 2 38 0.0526 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 2 38 0.0526 
5 76 0.0658 0.53 22 40 0.5500 0.59 1 40 0.0250 0.52 
44 76 0.5789 12 40 0.3000 20 40 0.5000 
0 0 0.0000 6 40 0.1500 0 0 0.0000 
27 76 0.3553 0 0 0.0000 19 40 0.4750 
4 78 0.0513 0.49 1 38 0.0263 0.60 1 40 0.0250 0.22 
53 78 0.6795 20 38 0.5263 35 40 0.8750 
0 0 0.0000 13 38 0.3421 0 0 0.0000 
17 78 0.2179 0 0 0.0000 4 40 0.1000 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
Table Al (continued) 
Satt424 A2 61.7 
Satt424 A2 61.7 
Satt424 A2 61.7 
Satt424 A2 61.7 
Satt424 A2 61.7 
Satt341 A2 73.5 
Satt341 A2 73.5 
Satt341 A2 73.5 
Satt341 A2 73.5 
Satt341 A2 73.5 
Sat_129 A2 78.3 
Sat_129 A2 78.3 
Sat_129 A2 78.3 
Sat_129 A2 78.3 
Sat_129 A2 78.3 
Sat_129 A2 78.3 
Sat_129 A2 78.3 
Sat_129 A2 78.3 
Sat_129 A2 78.3 
Satt327 A2 108.7 
Satt327 A2 108.7 
Satt327 A2 108.7 
Satt470 A2 119.6 
Satt455 A2 138.2 
Satt455 A2 138.2 
Satt455 A2 138.2 
Satt409 A2 154.7 
Satt409 A2 154.7 
Satt409 A2 154.7 
Satt409 A2 154.7 
Satt409 A2 154.7 
Satt409 A2 154.7 
Satt409 A2 154.7 
Satt409 A2 154.7 
Satt378 A2 175.2 
Satt378 A2 175.2 
Satt378 A2 175.2 
Satt378 A2 175.2 
Satt378 A2 175.2 
Satt378 A2 175.2 
Satt378 A2 175.2 
7 0 0 0.0000 4 158 0.0253 
8 4 80 0.0500 4 158 0.0253 
9 4 80 0.0500 4 158 0.0253 
10 2 80 0.0250 2 158 0.0127 
11 0 0 0.0000 0 0 0.0000 
1 3 80 0.0375 0.47 3 158 0.0190 
2 12 80 0.1500 12 158 0.0759 
3 56 80 0.7000 132 158 0.8354 
4 9 80 • 0.1125 9 158 0.0570 
5 0 0 0.0000 2 158 0.0127 
1 1 80 0.0125 0.72 1 156 0.0064 
2 3 80 0.0375 4 156 0.0256 
3 0 0 0.0000 2 156 0.0128 
4 3 80 0.0375 6 156 0.0385 
5 29 80 0.3625 72 156 0.4615 
6 24 80 0.3000 26 156 0.1667 
7 18 80 0.2250 42 156 0.2692 
8 0 0 0.0000 1 156 0.0064 
9 2 80 0.0250 2 156 0.0128 
1 30 78 0.3846 0.58 30 154 0.1948 
2 8 78 0.1026 41 154 0.2662 
3 40 78 0.5128 83 154 0.5390 
1 74 74 1.0000 0.00 148 148 1.0000 
1 12 74 0.1622 0.36 12 150 0.0800 
2 58 74 0.7838 133 150 0.8867 
3 4 74 0.0541 5 150 0.0333 
1 17 78 0.2179 0.81 17 156 0.1090 
2 8 78 0.1026 11 156 0.0705 
3 4 78 0.0513 36 156 0.2308 
4 7 78 0.0897 7 156 0.0449 
5 17 78 0.2179 18 156 0.1154 
6 21 78 0.2692 62 156 0.3974 
7 2 78 0.0256 3 156 0.0192 
8 2 78 0.0256 2 156 0.0128 
1 74 78 0.9487 0.10 135 154 0.8766 
2 3 78 0.0385 9 154 0.0584 
3 1 78 0.0128 6 154 0.0390 
4 0 0 0.0000 0 0 0.0000 
5 0 0 0.0000 1 154 0.0065 
6 0 0 0.0000 0 0 0.0000 
7 0 0 0.0000 2 154 0.0130 
4 78 0.0513 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 38 0.0263 0 0 0.0000 
0 0 0.0000 1 38 0.0263 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.05 0 0 0.0000 0.50 0 0 0.0000 o.oo 
0 0 0.0000 15 40 0.3750 0 0 0.0000 
76 78 0.9744 24 40 0.6000 40 40 1.0000 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
2 78 0.0256 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.58 0 0 0.0000 0.69 0 0 0.0000 0.71 
1 76 0.0132 2 40 0.0500 2 38 0.0526 
2 76 0.0263 0 0 0.0000 0 0 0.0000 
3 76 0.0395 0 0 0.0000 2 38 0.0526 
43 76 0.5658 11 40 0.2750 14 38 0.3684 
2 76 0.0263 16 40 0.4000 0 0 0.0000 
24 76 0.3158 11 40 0.2750 12 38 0.3158 
1 76 0.0132 0 0 0.0000 8 38 0.2105 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.49 10 38 0.2632 0.55 0 0 0.0000 0.47 
33 76 0.4342 5 38 0.1316 14 38 0.3684 
43 76 0.5658 23 38 0.6053 24 38 0.6316 
74 74 1.0000 0.00 36 36 1.0000 0.00 36 36 1.0000 O.OO 
0 0 0.0000 0.03 7 34 0.2059 0.37 0 0 0.0000 0.10 
75 76 0.9868 26 34 0.7647 38 40 0.9500 
1 76 0.0132 1 34 0.0294 2 40 0.0500 
0 0 0.0000 0.55 12 40 0.3000 0.74 0 0 0.0000 0.53 
3 78 0.0385 3 40 0.0750 0 0 0.0000 
32 78 0.4103 0 0 0.0000 23 40 0.5750 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
1 78 0.0128 11 40 0.2750 2 40 0.0500 
41 78 0.5256 12 40 0.3000 15 40 0.3750 
1 78 0.0128 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
61 76 0.8026 0.34 34 38 0.8947 0.19 27 40 0.6750 0.51 
6 76 0.0789 2 38 0.0526 7 40 0.1750 
5 76 0.0658 2 38 0.0526 3 40 0.0750 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 76 0.0132 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 76 0.0263 0 0 0.0000 0 0 0.0000 
Table Al (continued) 
Satt378 A2 175.2 8 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 9 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 10 0 0 0.0000 1 154 0.0065 
Satt378 A2 175.2 11 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 12 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 14 0 0 0.0000 0 0 0.0000 
Satt429 A2 184.0 1 18 78 0.2308 0.75 24 156 0.1538 0.71 
Satt429 A2 184.0 2 0 0 0.0000 2 156 0.0128 
Satt429 A2 184.0 3 27 78 0.3462 27 156 0.1731 
Satt429 A2 184.0 4 20 78 0.2564 72 156 0.4615 
Satt429 A2 184.0 5 5 78 0.0641 23 156 0.1474 
Satt429 A2 184.0 6 2 78 0.0256 2 156 0.0128 
Satt429 A2 184.0 7 4 78 . 0.0513 4 156 0.0256 
Satt429 A2 184.0 8 2 78 0.0256 2 156 0.0128 
Satt426 B1 22.5 1 5 76 0.0658 0.69 5 152 0.0329 0.55 
Satt426 B1 22.5 2 16 76 0.2105 30 152 0.1974 
Satt426 B1 22.5 3 36 76 0.4737 96 152 0.6316 
Satt426 B1 22.5 4 2 76 0.0263 2 152 0.0132 
Satt426 B1 22.5 5 15 76 0.1974 17 152 0.1118 
Satt426 B1 22.5 6 2 76 0.0263 2 152 0.0132 
Satt426 B1 22.5 7 0 0 0.0000 0 0 0.0000 
Satt509 B1 26.7 1 2 80 0.0250 0.29 2 158 0.0127 0.39 
Satt509 B1 26.7 2 67 80 0.8375 122 158 0.7722 
Satt509 B1 26.7 3 4 80 0.0500 4 158 0.0253 
Satt509 B1 26.7 4 7 80 0.0875 7 158 0.0443 
Satt509 B1 26.7 5 0 0 0.0000 13 158 0.0823 
Satt509 B1 26.7 6 0 0 0.0000 10 158 0.0633 
Satt251 B1 34.9 1 14 78 0.1795 0.39 29 156 0.1859 0.35 
Satt251 B1 34.9 2 59 78 0.7564 122 156 0.7821 
Satt251 B1 34.9 3 4 78 0.0513 4 156 0.0256 
Satt251 B1 34.9 4 1 78 0.0128 1 156 0.0064 
Sattl97 B1 39.0 1 2 78 0.0256 0.77 3 156 0.0192 0.72 
Sattl97 B1 39.0 2 26 78 0.3333 45 156 0.2885 
SattI97 B1 39.0 3 12 78 0.1538 12 156 0.0769 
Sattl97 B1 39.0 4 4 78 0.0513 15 156 0.0962 
Sattl97 B1 39.0 5 4 78 0.0513 8 156 0.0513 
Sattl97 B1 39.0 6 22 78 0.2821 65 156 0.4167 
Sattl97 B1 39.0 7 6 78 0.0769 6 156 0.0385 
Sattl97 B1 39.0 8 2 78 0.0256 2 156 0.0128 
Sct_026 B1 71.6 1 2 80 0.0250 0.47 2 156 0.0128 0.48 
Sct_026 B1 71.6 2 52 80 0.6500 97 156 0.6218 
0 0 0.0000 0 0 0.0000 1 40 0.0250 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 76 0.0132 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 2 40 0.0500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 78 0.0769 0.50 11 38 0.2895 0.73 7 40 0.1750 0.53 
2 78 0.0256 0 0 0.0000 5 40 0.1250 
0 0 0.0000 13 38 0.3421 0 0 0.0000 
52 78 0.6667 9 38 0.2368 26 40 0.6500 
18 78 0.2308 0 0 0.0000 2 40 0.0500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 4 38 0.1053 0 0 0.0000 
0 0 0.0000 1 38 0.0263 0 0 0.0000 
0 0 0.0000 0.34 4 34 0.1176 0.71 0 0 0.0000 0.23 
14 76 0.1842 5 34 0.1471 3 40 0.0750 
60 76 0.7895 13 34 0.3824 35 40 0.8750 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 76 0.0263 11 34 0.3235 0 0 0.0000 
0 0 0.0000 1 34 0.0294 2 40 0.0500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.46 5 38 0.1316 0.46 0 0 0.0000 0.19 
55 78 0.7051 27 38 0.7105 34 38 0.8947 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 4 38 0.1053 0 0 0.0000 
13 78 0.1667 0 0 0.0000 1 38 0.0263 
10 78 0.1282 2 38 0.0526 3 38 0.0789 
15 78 0.1923 0.31 17 40 0.4250 0.49 4 40 0.1000 0.18 
63 78 0.8077 23 40 0.5750 36 40 0.9000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 78 0.0128 0.61 1 40 0.0250 0.67 0 0 0.0000 0.44 
19 78 0.2436 15 40 0.3750 10 36 0.2778 
0 0 0.0000 3 40 0.0750 0 0 0.0000 
11 78 0.1410 . 2 40 0.0500 0 0 0.0000 
4 78 0.0513 1 40 0.0250 1 36 0.0278 
43 78 0.5513 17 40 0.4250 25 36 0.6944 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
0 0 0.0000 0.48 1 40 0.0250 0.22 0 0 0.0000 0.48 
45 76 0.5921 35 40 0.8750 14 36 0.3889 
Table Al (continued) 
Sct_026 B1 71.6 3 26 80 0.3250 57 156 0.3654 
Satt444 B1 76.4 1 51 80 0.6375 0.53 129 158 0.8165 0.32 
Satt444 B1 76.4 2 14 80 0.1750 14 158 0.0886 
Satt444 B1 76.4 3 15 80 0.1875 15 158 0.0949 
Satt359 B1 92.1 1 9 76 0.1184 0.68 72 154 0.4675 0.67 
Satt359 B1 92.1 2 29 76 0.3816 35 154 0.2273 
Satt359 B1 92.1 3 9 76 0.1184 9 154 0.0584 
Satt359 B1 92.1 4 29 76 0.3816 38 154 0.2468 
Satt359 B1 92.1 5 0 0 0.0000 0 0 0.0000 
Satt453 Bt 117.3 1 31 80 0.3875 0.72 103 156 0.6603 0.52 
Satt453 B1 117.3 2 9 80 0.1125 11 156 0.0705 
Satt453 B1 117.3 3 14 80 0.1750 16 156 0.1026 
Satt453 B1 117.3 4 24 80 0.3000 24 156 0.1538 
Satt453 B1 117.3 5 2 80 0.0250 2 156 0.0128 
Satt577 B2 0.0 1 19 76 0.2500 0.74 20 150 0.1333 0.79 
Satt577 B2 0.0 2 14 76 0.1842 15 150 0.1000 
Satt577 B2 0.0 3 9 76 .0.1184 21 150 0.1400 
Satt577 B2 0.0 4 29 76 ' 0.3816 42 150 0.2800 
Satt577 B2 0.0 5 5 76 0.0658 43 150 0.2867 
Satt577 B2 0.0 6 0 0 0.0000 9 150 0.0600 
Sattl26 B2 29.9 1 10 80 0.1250 0.32 10 158 0.0633 0.49 
Sattl26 B2 29.9 2 5 80 0.0625 45 158 0.2848 
Sattl26 B2 29.9 3 65 80 0.8125 103 158 0.6519 
Sattl 26 B2 29.9 4 0 0 0.0000 0 0 0.0000 
Sattl 68 B2 55.8 1 18 78 0.2308 0.73 20 156 0.1282 0.74 
Sattl 68 B2 55.8 2 0 0 0.0000 1 156 0.0064 
Sattl 68 B2 55.8 3 15 78 0.1923 29 156 0.1859 
Sattl 68 B2 55.8 4 17 78 0.2179 50 156 0.3205 
Sattl 68 B2 55.8 5 28 78 0.3590 51 156 0.3269 
Sattl 68 B2 55.8 6 0 0 0.0000 5 156 0.0321 
Satt304 B2 69.3 1 46 80 0.5750 0.53 108 158 0.6835 0.46 
Satt304 B2 69.3 2 4 80 0.0500 10 158 0.0633 
Satt304 B2 69.3 3 30 80 0.3750 40 158 0.2532 
Satt304 B2 69.3 4 0 0 0.0000 0 0 0.0000 
Satt066 B2 97.3 1 11 74 0.1486 0.65 15 152 0.0987 0.65 
Satt066 B2 97.3 2 4 74 0.0541 6 152 0.0395 
Satt066 B2 97.3 3 0 0 0.0000 2 152 0.0132 
Satt066 B2 97.3 4 5 74 0.0676 5 152 0.0329 
Satt066 B2 97.3 6 39 74 0.5270 79 152 0.5197 
Satt066 B2 97.3 7 15 74 0.2027 40 152 0.2632 
Satt066 B2 97.3 8 0 0 0.0000 4 152 0.0263 
31 76 0.4079 4 40 0.1000 22 36 0.6111 
78 78 1.0000 0.00 26 40 0.6500 0.49 37 38 0.9737 0.05 
0 0 0.0000 12 40 0.3000 1 38 0.0263 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
63 78 0.8077 0.33 6 38 0.1579 0.59 34 40 0.8500 0.26 
6 78 0.0769 11 38 0.2895 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
9 78 0.1154 21 38 0.5526 6 40 0.1500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
72 76 0.9474 0.10 11 40 0.2750 0.71 39 40 0.9750 0.05 
2 76 0.0263 3 40 0.0750 1 40 0.0250 
2 76 0.0263 13 40 0.3250 0 0 0.0000 
0 0 0.0000 13 40 0.3250 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 74 0.0135 0.66 4 38 0.1053 0.59 0 0 0.0000 0.59 
1 74 0.0135 5 38 0.1316 1 38 0.0263 
12 74 0.1622 0 0 0.0000 3 38 0.0789 
13 74 0.1757 23 38 0.6053 15 38 0.3947 
38 74 0.5135 4 38 0.1053 19 38 0.5000 
9 74 0.1216 2 38 0.0526 0 0 0.0000 
0 0 0.0000 0.50 12 40 0.3000 0.49 1 40 0.0250 0.52 
40 78 0.5128 0 0 0.0000 21 40 0.5250 
38 78 0.4872 26 40 0.6500 18 40 0.4500 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
2 78 0.0256 0.70 15 40 0.3750 0.72 2 38 0.0526 0.56 
1 78 0.0128 0 0 0.0000 0 0 0.0000 
14 78 0.1795 9 40 0.2250 3 38 0.0789 
33 78 0.4231 6 40 0.1500 23 38 0.6053 
23 78 0.2949 10 40 0.2500 10 38 0.2632 
5 78 0.0641 0 0 0.0000 0 0 0.0000 
62 78 0.7949 0.35 28 40 0.7000 0.42 30 40 0.7500 0.40 
6 78 0.0769 0 0 0.0000 2 40 0.0500 
10 78 0.1282 12 40 0.3000 8 40 0.2000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 78 0.0513 0.63 4 38 0.1053 0.52 3 38 0.0789 0.51 
2 78 0.0256 0 0 0.0000 2 38 0.0526 
2 78 0.0256 0 0 0.0000 0 0 0.0000 
0 0 0.0000 3 38 0.0789 0 0 0.0000 
40 78 0.5128 25 38 0.6579 25 38 0.6579 
25 78 0.3205 6 38 0.1579 8 38 0.2105 
4 78 0.0513 0 0 0.0000 0 0 0.0000 
Table Al (continued) 
Satt066 B2 97.3 9 0 
Satt063 B2 113.1 1 7 
Satt063 B2 113.1 2 2 
Satt063 B2 113.1 3 58 
Satt063 B2 113.1 4 13 
Satt063 B2 113.1 5 0 
Satt560 B2 132.7 1 8 
Satt560 B2 132.7 2 44 
Satt560 B2 132.7 3 4 
Satt560 B2 132.7 4 4 
Satt560 B2 132.7 5 3 
Satt560 B2 132.7 6 3 
Satt560 B2 132.7 8 4 
Satt565 Cl 0.0 1 5 
Satt565 Cl 0.0 2 34 
Satt565 Cl 0.0 3 2 
Satt565 Cl 0.0 4 39 
SOYGPATR Cl 21.0 1 44 
SOYGPATR Cl 21.0 2 6 
SOYGPATR Cl 21.0 3 26 
Sattl 94 Cl 30.2 1 32 
Sattl94 Cl 30.2 2 0 
Sattl 94 Cl 30.2 3 27 
Sattl 94 Cl 30.2 4 0 
Sattl 94 Cl 30.2 5 2 
Sattl94 Cl 30.2 6 2 
Sattl 94 Cl 30.2 9 5 
Satt578 Cl 74.0 1 2 
Satt578 Cl 74.0 2 70 
Satt578 Cl 74.0 3 4 
Sat_085 Cl 96.5 2 0 
Sat_085 Cl 96.5 3 5 
Sat_085 Cl 96.5 4 2 
Sat_085 Cl 96.5 5 5 
Sat_085 Cl 96.5 6 14 
Sat_085 Cl 96.5 7 2 
Sat_085 Cl 96.5 8 21 
Sat_085 Cl 96.5 9 3 
Sat_085 Cl 96.5 10 2 
Sat_085 Cl 96.5 11 0 
Sat_085 Cl 96.5 15 0 
0.0000 1 152 0.0066 
0.0875 0.44 14 158 0.0886 0.32 
0.0250 2 158 0.0127 
0.7250 129 158 0.8165 
0.1625 13 158 0.0823 
0.0000 0 0 0.0000 
0.1143 0.58 18 148 0.1216 0.41 
0.6286 112 148 0.7568 
0.0571 4 148 0.0270 
0.0571 4 148 0.0270 
0.0429 3 148 0.0203 
0.0429 3 148 0.0203 
0.0571 4 148 0.0270 
0.0625 0.58 30 158 0.1899 0.62 
0.4250 46 158 0.2911 
0.0250 2 158 0.0127 
0.4875 80 158 0.5063 
0.5789 0.54 89 152 0.5855 0.57 
0.0789 27 152 0.1776 
0.3421 36 152 0.2368 
0.4706 0.61 36 138 0.2609 0.67 
0.0000 0 0 0.0000 
0.3971 67 138 0.4855 
0.0000 20 138 0.1449 
0.0294 2 138 0.0145 
0.0294 4 138 0.0290 
0.0735 9 138 0.0652 
0.0263 0.15 2 154 0.0130 0.18 
0.9211 139 154 0.9026 
0.0526 13 154 0.0844 
0.0000 0.82 0 0 0.0000 0.84 
0.0694 25 146 0.1712 
0.0278 33 146 0.2260 
0.0694 7 146 0.0479 
0.1944 16 146 0.1096 
0.0278 6 146 0.0411 
0.2917 32 146 0.2192 
0.0417 4 146 0.0274 
0.0278 2 146 0.0137 
0.0000 1 146 0.0068 










































1 78 0.0128 
7 78 0.0897 0.16 
0 0 0.0000 
71 78 0.9103 
0 0 0.0000 
0 0 0.0000 
10 78 0.1282 0.22 
68 78 0.8718 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
25 78 0.3205 0.60 
12 78 0.1538 
0 0 0.0000 
41 78 0.5256 
45 76 0.5921 0.56 
21 76 0.2763 
10 76 0.1316 
4 70 0.0571 0.58 
0 0 0.0000 
40 70 0.5714 
20 70 0.2857 
0 0 0.0000 
2 70 0.0286 
4 70 0.0571 
0 0 0.0000 0.20 
69 78 0.8846 
9 78 0.1154 
0 0 0.0000 0.72 
20 74 0.2703 
31 74 0.4189 
2 74 0.0270 
2 74 0.0270 
4 74 0.0541 
11 74 0.1486 
1 74 0.0135 
0 0 0.0000 
1 74 0.0135 
0 0 0.0000 
0 0 0.0000 
5 38 0.1316 0.53 
0 0 0.0000 
24 38 0.6316 
9 38 0.2368 
0 0 0.0000 
4 38 0.1053 0.52 
25 38 0.6579 
3 38 0.0789 
0 0 0.0000 
6 38 0.1579 
0 0 0.0000 
0 0 0.0000 
2 40 0.0500 0.43 
8 40 0.2000 
1 40 0.0250 
29 40 0.7250 
31 38 0.8158 0.31 
2 38 0.0526 
5 38 0.1316 
15 36 0.4167 0.59 
0 0 0.0000 
17 36 0.4722 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
4 36 O.UU 
4 36 0.1111 0.20 
32 36 0.8889 
0 0 0.0000 
0 0 0.0000 0.73 
2 38 0.0526 
0 0 0.0000 
2 38 0.0526 
4 38 0.1053 
0 0 0.0000 
18 38 0.4737 
2 38 0.0526 
2 38 0.0526 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
4 38 0.1053 0.19 
0 0 0.0000 
34 38 0.8947 
0 0 0.0000 
0 0 0.0000 
4 38 0.1053 0.35 
30 38 0.7895 
0 0 0.0000 
4 38 0.1053 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
13 38 0.3421 0.51 
2 38 0.0526 
0 0 0.0000 
23 38 0.6053 
23 38 0.6053 0.51 
13 38 0.3421 
2 38 0.0526 
2 36 0.0556 0.33 
0 0 0.0000 
29 36 0.8056 
5 36 0.1389 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
1 32 0.0313 0.17 
29 32 0.9063 
2 32 0.0625 
0 0 0.0000 0.78 
4 40 0.1000 
0 0 0.0000 
14 40 0.3500 
4 40 0.1000 
5 40 0.1250 
4 40 0.1000 
9 40 0.2250 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
cr\ 
LA 
Table Al (continued) 
Sat_085 Cl 96.5 16 2 
Sat_085 Cl 96.5 17 15 
Sat_085 Cl 96.5 18 1 
Sattl 90 Cl 99.0 1 2 
Sattl 90 Cl 99.0 2 40 
Sattl 90 Cl 99.0 3 34 
Sattl 90 Cl 99.0 4 0 
Satt294 Cl 105.4 1 3 
Satt294 Cl 105.4 2 6 
Satt294 Cl 105.4 3 7 
Satt294 Cl 105.4 5 56 
Satt294 Cl 105.4 6 6 
Satt294 Cl 105.4 7 0 
Satt294 Cl 105.4 8 0 
Satt294 Cl 105.4 9 0 
Satt338 Cl 173.0 1 20 
Satt338 Cl 173.0 2 1 
Satt338 Cl 173.0 3 8 
Satt338 Cl 173.0 4 15 
Satt338 Cl 173.0 5 22 
Satt338 Cl 173.0 6 11 
Satt338 Cl 173.0 7 2 
Satt338 Cl 173.0 8 1 
Satt338 Cl 173.0 9 0 
Sattl 64 Cl 180.9 1 18 
Sattl 64 Cl 180.9 2 16 
Sattl 64 Cl 180.9 3 14 
Sattl 64 Cl 180.9 4 26 
Sattl 64 Cl 180.9 5 2 
Sat_062 C2 29.2 1 22 
Sat_062 C2 29.2 2 2 
Sat_062 C2 29.2 3 7 
Sat_062 C2 29.2 4 2 
Sat_062 C2 29.2 5 2 
Sat_062 C2 29.2 6 6 
Sat_062 C2 29.2 7 2 
Sat_062 C2 29.2 8 2 
Sat_062 C2 29.2 9 3 
Sat_062 C2 29.2 10 12 
Sat_062 C2 29.2 11 2 
Sat 062 C2 29.2 12 6 
0.0278 2 146 0.0137 
0.2083 17 146 0.1164 
0.0139 1 146 0.0068 
0.0263 0.52 21 154 0.1364 0.67 
0.5263 71 154 0.4610 
0.4474 45 154 0.2922 
0.0000 17 154 0.1104 
0.0385 0.46 23 152 0.1513 0.65 
0.0769 6 152 0.0395 
0.0897 12 152 0.0789 
0.7179 83 152 0.5461 
0.0769 12 152 0.0789 
0.0000 16 152 0.1053 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.2500 0.80 23 158 0.1456 0.77 
0.0125 1 158 0.0063 
0.1000 57 158 0.3608 
0.1875 15 158 0.0949 
0.2750 30 158 0.1899 
0.1375 29 158 0.1835 
0.0250 2 158 0.0127 
0.0125 1 158 0.0063 
0.0000 0 0 0.0000 
0.2368 0.75 33 154 0.2143 0.66 
0.2105 16 154 0.1039 
0.1842 25 154 0.1623 
0.3421 78 154 0.5065 
0.0263 2 154 0.0130 
0.2973 0.85 47 146 0.3219 0.84 
0.0270 14 146 0.0959 
0.0946 21 146 0.1438 
0.0270 2 146 0.0137 
0.0270 2 146 0.0137 
0.0811 7 146 0.0479 
0.0270 2 146 0.0137 
0.0270 2 146 0.0137 
0.0405 3 146 0.0205 
0.1622 12 146 0.0822 
0.0270 2 146 0.0137 










































0 0 0.0000 2 38 0.0526 0 0 0.0000 
2 74 0.0270 6 38 0.1579 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
19 78 0.2436 0.72 0 0 0.0000 0.46 11 40 0.2750 0.67 
31 78 0.3974 26 40 0.6500 19 40 0.4750 
11 78 0.1410 14 40 0.3500 6 40 0.1500 
17 78 0.2179 0 0 0.0000 4 40 0.1000 
20 74 0.2703 0.74 4 38 0.1053 0.36 3 36 0.0833 0.57 
0 0 0.0000 1 38 0.0263 0 0 0.0000 
5 74 0.0676 2 38 0.0526 0 0 0.0000 
27 74 0.3649 30 38 0.7895 18 36 0.5000 
6 74 0.0811 1 38 0.0263 0 0 0.0000 
16 74 0.2162 0 0 0.0000 15 36 0.4167 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 78 0.0385 0.54 25 40 0.6250 0.56 6 38 0.1579 0.70 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
49 78 0.6282 2 40 0.0500 14 38 0.3684 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
8 78 0.1026 7 40 0.1750 5 38 0.1316 
18 78 0.2308 5 40 0.1250 13 38 0.3421 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
15 78 0.1923 0.50 5 36 0.1389 0.73 8 40 0.2000 0.58 
0 0 0.0000 11 36 0.3056 3 40 0.0750 
11 78 0.1410 9 36 0.2500 5 40 0.1250 
52 78 0.6667 11 36 0.3056 24 40 0.6000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
25 72 0.3472 0.78 13 32 0.4063 0.73 22 40 0.5500 0.65 
12 72 0.1667 0 0 0.0000 6 40 0.1500 
14 72 0.1944 0 0 0.0000 2 40 0.0500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 72 0.0139 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 7 32 0.2188 0 0 0.0000 
0 0 0.0000 5 32 0.1563 0 0 0.0000 
5 72 0.0694 2 32 0.0625 2 40 0.0500 
Table Al (continued) 
Sat_062 C2 29.2 13 0 0 0.0000 2 146 0.0137 
Sat_062 C2 29.2 14 4 74 0.0541 15 146 0.1027 
Sat_062 C2 29.2 16 2 74 0.0270 4 146 0.0274 
Satt520 C2 45.9 1 11 76 0.1447 0.66 36 152 0.2368 0.65 
Satt520 C2 45.9 2 30 76 0.3947 73 152 0.4803 
Satt520 C2 45.9 3 31 76 0.4079 39 152 0.2566 
Satt520 C2 45.9 4 2 76 0.0263 2 152 0.0132 
Satt520 C2 45.9 5 2 76 0.0263 2 152 0.0132 
Satt291 C2 48.2 1 23 80 0.2875 0.41 23 158 0.1456 0.25 
Satt291 C2 48.2 2 57 80 0.7125 135 158 0.8544 
SattlVO C2 77.9 1 47 80 0.5875 0.53 85 158 0.5380 0.52 
Sattl70 C2 77.9 2 28 80 0.3500 68 158 0.4304 
SattlVO C2 77.9 3 5 80 0.0625 5 158 0.0316 
Satt322 C2 84.6 1 4 80 0.0500 0.40 4 158 0.0253 0.45 
Satt322 C2 84.6 2 60 80 0.7500 107 158 0.6772 
Satt322 C2 84.6 3 16 80 0.2000 47 158 0.2975 
Satt450 C2 112.8 1 0 0 0.0000 0.05 1 152 0.0066 0.04 
Satt450 C2 112.8 2 74 76 0.9737 149 152 0.9803 
Satt450 C2 112.8 3 2 76 0.0263 2 152 0.0132 
Satt363 C2 127.6 1 57 76 0.7500 0.39 122 152 0.8026 0.32 
Satt363 C2 127.6 2 17 76 0.2237 28 152 0.1842 
Satt363 C2 127.6 3 2 76 0.0263 2 152 0.0132 
Satt277 C2 138.8 1 1 78 0.0128 0.64 1 152 0.0066 0.62 
Satt277 C2 138.8 2 5 78 0.0641 7 152 0.0461 
Satt277 C2 138.8 3 34 78 0.4359 39 152 0.2566 
Satt277 C2 138.8 4 31 78 0.3974 83 152 0.5461 
Satt277 C2 138.8 5 3 78 0.0385 3 152 0.0197 
Satt277 C2 138.8 6 2 78 0.0256 15 152 0.0987 
Satt277 C2 138.8 7 0 0 0.0000 2 152 0.0132 
Satt277 C2 138.8 8 2 78 • '0.0256 2 152 0.0132 
Satt319 C2 145.8 1 72 80 0.9000 0.19 138 158 0.8734 0.23 
Satt319 C2 145.8 2 4 80 0.0500 4 158 0.0253 
Satt319 C2 145.8 3 2 80 0.0250 12 158 0.0759 
Satt319 C2 145.8 4 2 80 0.0250 4 158 0.0253 
Satt307 C2 168.3 1 7 76 0.0921 0.59 25 150 0.1667 0.64 
Satt307 C2 168.3 2 2 76 0.0263 2 150 0.0133 
Satt307 C2 168.3 3 43 76 0.5658 43 150 0.2867 
Satt307 C2 168.3 4 2 76 0.0263 2 150 0.0133 
Satt307 C2 168.3 5 21 76 0.2763 75 150 0.5000 
Satt307 C2 168.3 6 1 76 0.0132 3 150 0.0200 
Satt371 C2 188.7 l 1 76 0.0132 0.79 2 150 0.0133 0.76 
2 72 0.0278 0 0 0.0000 2 40 0.0500 
11 72 0.1528 5 32 0.1563 6 40 0.1500 
2 72 0.0278 0 0 0.0000 0 0 0.0000 
25 76 0.3289 0.56 2 36 0.0556 0.54 8 34 0.2353 0.54 
43 76 0.5658 15 36 0.4167 21 34 0.6176 
8 76 0.1053 19 36 0.5278 5 34 0.1471 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.00 11 40 0.2750 0.40 0 0 0.0000 0.00 
78 78 1.0000 29 40 0.7250 38 38 1.0000 
38 78 0.4872 0.50 19 40 0.4750 0.52 38 38 1.0000 0.00 
40 78 0.5128 20 40 0.5000 0 0 0.0000 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
0 0 0.0000 0.48 0 0 0.0000 0.27 0 0 0.0000 0.36 
47 78 0.6026 32 38 0.8421 29 38 0.7632 
31 78 0.3974 6 38 0.1579 9 38 0.2368 
1 76 0.0132 0.03 0 0 0.0000 0.00 0 0 0.0000 0.00 
75 76 0.9868 36 36 1.0000 38 38 1.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
65 76 0.8553 0.25 31 38 0.8158 0.30 29 40 0.7250 0.40 
11 76 0.1447 7 38 0.1842 11 40 0.2750 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.47 0 0 0.0000 0.59 0 0 0.0000 0.53 
2 74 0.0270 3 40 0.0750 0 0 0.0000 
5 74 0.0676 23 40 0.5750 3 40 0.0750 
52 74 0.7027 10 40 0.2500 24 40 0.6000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
13 74 0.1757 0 0 0.0000 13 40 0.3250 
2 74 0.0270 4 40 0.1000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
66 78 0.8462 0.27 38 40 0.9500 0.10 36 40 0.9000 0.18 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
10 78 0.1282 0 0 0.0000 3 40 0.0750 
2 78 0.0256 2 40 0.0500 1 40 0.0250 
18 74 0.2432 0.41 2 38 0.0526 0.53 15 38 0.3947 0.59 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 22 38 0.5789 1 38 0.0263 
0 0 0.0000 0 0 0.0000 1 38 0.0263 
54 74 0.7297 14 38 0.3684 19 38 0.5000 
2 74 0.0270 0 0 0.0000 2 38 0.0526 
1 74 0.0135 0.70 0 0 0.0000 0.66 1 38 0.0263 0.70 
Table Al (continued) 
Satt371 C2 188.7 2 18 
Satt371 C2 188.7 3 7 
Satt371 Cl 188.7 4 8 
Satt371 C2 188.7 5 0 
Satt371 C2 188.7 6 12 
Satt371 C2 188.7 7 25 
Satt371 C2 188.7 8 5 
Satt357 C2 193.5 1 36 
Satt357 C2 193.5 2 6 
Satt357 C2 193.5 3 38 
Sattl 84 Dla+Q 8.3 1 4 
Sattl 84 Dla+Q 8.3 2 15 
Sattl 84 Dla+Q 8.3 3 45 
Sattl 84 Dla+Q 8.3 4 5 
Sattl 84 Dla+Q 8.3 5 9 
Satt531 Dla+Q 24.3 1 9 
Satt531 Dla+Q 24.3 2 2 
Satt531 Dla+Q 24.3 3 66 
Satt531 Dla+Q 24.3 4 1 
Satt531 Dla+Q 24.3 5 2 
Satt368 Dla+Q 41.1 1 0 
Satt368 Dla+Q 41.1 2 4 
Satt368 Dla+Q 41.1 3 0 
Satt368 Dla+Q 41.1 4 2 
Satt368 Dla+Q 41.1 5 3 
Satt368 Dla+Q 41.1 6 59 
Satt368 Dla+Q 41.1 7 8 
Satt368 Dla+Q 41.1 8 2 
Satt321 Dla+Q 54.7 1 41 
Satt321 Dla+Q 54.7 2 5 
Satt321 Dla+Q 54.7 3 27 
Satt321 Dla+Q 54.7 4 3 
Sattl 79 Dla+Q 67.8 1 0 
Sattl 79 Dla+Q 67.8 2 32 
Sattl 79 Dla+Q 67.8 3 2 
Sattl 79 Dla+Q 67.8 4 21 
Sattl79 Dla+Q 67.8 5 25 
Satt436 Dla+Q 89.3 1 22 
Satt436 Dla+Q 89.3 3 37 
Satt436 Dla+Q 89.3 4 4 
Satt436 Dla+Q 89.3 5 2 
0.2368 39 150 0.2600 
0.0921 21 150 0.1400 
0.1053 8 150 0.0533 
0.0000 1 150 0.0067 
0.1579 17 150 0.1133 
0.3289 56 150 0.3733 
0.0658 6 150 0.0400 
0.4500 0.57 94 154 0.6104 0.50 
0.0750 6 154 0.0390 
0.4750 54 154 0.3506 
0.0513 0.61 4 152 0.0263 0.67 
0.1923 40 152 0.2632 
0.5769 69 152 0.4539 
0.0641 5 152 0.0329 
0.1154 34 152 0.2237 
0.1125 0.31 16 158 0.1013 0.24 
0.0250 2 158 0.0127 
0.8250 137 158 0.8671 
0.0125 1 158 0.0063 
0.0250 2 158 0.0127 
0.0000 0.41 0 0 0.0000 0.59 
0.0513 4 156 0.0256 
0.0000 6 156 0.0385 
0.0256 2 156 0.0128 
0.0385 5 156 0.0321 
0.7564 89 156 0.5705 
0.1026 44 156 0.2821 
0.0256 6 156 0.0385 
0.5395 0.58 58 152 0.3816 0.65 
0.0658 29 152 0.1908 
0.3553 62 152 0.4079 
0.0395 3 152 0.0197 
0.0000 0.67 0 0 0.0000 0.65 
0.4000 39 152 0.2566 
0.0250 2 152 0.0132 
0.2625 41 152 0.2697 
0.3125 70 152 0.4605 
0.2750 0.69 36 156 0.2308 0.73 
0.4625 61 156 0.3910 
0.0500 4 156 0.0256 










































21 74 0.2838 17 40 0.4250 12 38 0.3158 
14 74 0.1892 1 40 0.0250 8 38 0.2105 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
1 74 0.0135 0 0 0.0000 0 0 0.0000 
5 74 0.0676 5 40 0.1250 2 38 0.0526 
31 74 0.4189 15 40 0.3750 15 38 0.3947 
1 74 0.0135 1 40 0.0250 0 0 0.0000 
58 74 0.7838 0.34 20 40 0.5000 0.55 38 40 0.9500 0.10 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
16 74 0.2162 18 40 0.4500 2 40 0.0500 
0 0 0.0000 0.67 0 0 0.0000 0.43 2 38 0.0526 0.68 
25 74 0.3378 6 38 0.1579 8 38 0.2105 
24 74 0.3243 28 38 0.7368 13 38 0.3421 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
25 74 0.3378 2 38 0.0526 15 38 0.3947 
7 78 0.0897 0.16 5 40 0.1250 0.22 0 0 0.0000 O.OO 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
71 78 0.9103 35 40 0.8750 40 40 1.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.63 0 0 0.0000 0.44 0 0 0.0000 0.43 
0 0 0.0000 4 36 0.1111 0 0 0.0000 
6 78 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 78 0.0256 0 0 0.0000 0 0 0.0000 
30 78 0.3846 26 36 0.7222 26 38 0.6842 
36 78 0.4615 6 36 0.1667 12 38 0.3158 
4 78 0.0513 0 0 0.0000 0 0 0.0000 
17 76 0.2237 0.64 22 38 0.5789 0.58 11 40 0.2750 0.57 
24 76 0.3158 2 38 0.0526 6 40 0.1500 
35 76 0.4605 10 38 0.2632 23 40 0.5750 
0 0 0.0000 4 38 0.1053 0 0 0.0000 
0 0 0.0000 0.52 0 0 0.0000 0.61 2 38 0.0526 0.68 
7 72 0.0972 21 40 0.5250 9 38 0.2368 
0 0 0.0000 0 0 0.0000 2 38 0.0526 
20 72 0.2778 8 40 0.2000 7 38 0.1842 
45 72 0.6250 11 40 0.2750 18 38 0.4737 
14 76 0.1842 0.73 2 38 0.0526 0.59 8 40 0.2000 0.79 
24 76 0.3158 22 38 0.5789 12 40 0.3000 
0 0 0.0000 9 38 0.2368 0 0 0.0000 
0 0 0.0000 0 0 0.0000 1 40 0.0250 
Table Al (continued) 
Satt436 Dla+Q 89.3 6 11 
Satt436 Dla+Q 89.3 7 4 
Satt436 Dla+Q 89.3 8 0 
Satt436 Dla+Q 89.3 9 0 
Satt436 Dla+Q 89.3 10 0 
Sattl29 Dla+Q 118.2 1 17 
Sattl29 Dla+Q 118.2 2 6 
Sattl 29 Dla+Q 118.2 3 21 
Sattl 29 Dla+Q 118.2 5 34 
Sattl47 Dla+Q 123.0 1 42 
Sattl47 Dla+Q 123.0 2 0 
Sattl47 Dla+Q 123.0 3 32 
Sattl 47 Dla+Q 123.0 4 4 
Satt216 Dlb+W 0.0 1 28 
Satt216 Dlb+W 0.0 2 27 
Satt216 Dlb+W 0.0 3 2 
Satt216 Dlb+W 0.0 4 2 
Satt216 Dlb+W 0.0 6 13 
Satt216 Dlb+W 0.0 7 4 
Sattl 57 Dlb+W 14.9 1 9 
Sattl 57 Dlb+W 14.9 2 11 
Sattl 57 Dlb+W 14.9 3 27 
Sattl 57 Dlb+W 14.9 4 0 
Sattl 57 Dlb+W 14.9 5 1 
Sattl57 Dlb+W 14.9 6 2 
Sattl 57 Dlb+W 14.9 7 16 
Sattl57 Dlb+W 14.9 8 6 
Sattl57 Dlb+W 14.9 9 0 
Sattl 57 Dlb+W 14.9 10 0 
Satt266 Dlb+W 38.5 1 38 
Satt266 Dlb+W 38.5 2 42 
Sattl41 Dlb+W 52.8 1 45 
Sattl 41 Dlb+W 52.8 2 32 
Sattl41 Dlb+W 52.8 3 3 
Sattl41 Dlb+W 52.8 4 0 
Sattl41 Dlb+W 52.8 5 0 
Satt506 Dlb+W 52.8 1 35 
Satt506 Dlb+W 52.8 2 35 
Satt506 Dlb+W 52.8 3 6 
Satt506 Dlb+W 52.8 6 0 
Satt546 Dlb+W 63.0 1 60 
0.1375 37 156 0.2372 
0.05Q0 14 156 0.0897 
0.0000 0 0 0.0000 
0.0000 2 156 0.0128 
0.0000 0 0 0.0000 
0.2179 0.68 21 156 0.1346 0.63 
0.0769 6 156 0.0385 
0.2692 55 156 0.3526 
0.4359 74 156 0.4744 
0.5385 0.54 84 156 0.5385 0.53 
0.0000 2 156 0.0128 
0.4103 66 156 0.4231 
0.0513 4 156 0.0256 
0.3684 0.70 57 154 0.3701 0.61 
0.3553 76 154 0.4935 
0.0263 2 154 0.0130 
0.0263 2 154 0.0130 
0.1711 13 154 0.0844 
0.0526 4 154 0.0260 
0.1250 0.76 33 144 0.2292 0.78 
0.1528 11 144 0.0764 
0.3750 40 144 0.2778 
0.0000 0 0 0.0000 
0.0139 1 144 0.0069 
0.0278 2 144 0.0139 
0.2222 40 144 0.2778 
0.0833 6 144 0.0417 
0.0000 11 144 0.0764 
0.0000 0 0 0.0000 
0.4750 0.50 59 152 0.3882 0.47 
0.5250 93 152 0.6118 
0.5625 0.52 54 154 0.3506 0.66 
0.4000 66 154 0.4286 
0.0375 28 154 0.1818 
0.0000 4 154 0.0260 
0.0000 2 154 0.0130 
0.4605 0.57 40 152 0.2632 0.46 
0.4605 104 152 0.6842 
0.0789 6 152 0.0395 
0.0000 2 152 0.0132 










































26 76 0.3421 4 38 0.1053 7 40 0.1750 
10 76 0.1316 0 0 0.0000 6 40 0.1500 
0 0 0.0000 0 0 0.0000 6 40 0.1500 
2 76 0.0263 1 38 0.0263 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 78 0.0513 0.54 12 40 0.3000 0.72 5 36 0.1389 0.56 
0 0 0.0000 4 40 0.1000 0 0 0.0000 
34 78 0.4359 13 40 0.3250 10 36 0.2778 
40 78 0.5128 11 40 0.2750 21 36 0.5833 
42 78 0.5385 0.52 23 40 0.5750 0.49 25 38 0.6579 0.45 
2 78 0.0256 0 0 0.0000 0 0 0.0000 
34 78 0.4359 17 40 0.4250 13 38 0.3421 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
29 78 0.3718 0.47 12 40 0.3000 0.72 20 40 0.5000 0.52 
49 78 0.6282 11 40 0.2750 19 40 0.4750 
0 0 0.0000 4 40 0.1000 1 40 0.0250 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 13 40 0.3250 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
24 72 0.3333 0.72 9 36 0.2500 0.77 21 38 0.5526 0.62 
0 0 0.0000 5 36 0.1389 0 0 0.0000 
13 72 0.1806 12 36 0.3333 5 38 0.1316 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 36 0.0556 0 0 0.0000 
24 72 0.3333 6 36 0.1667 8 38 0.2105 
0 0 0.0000 2 36 0.0556 0 0 0.0000 
11 72 0.1528 0 0 0.0000 4 38 0.1053 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
21 72 0.2917 0.41 21 38 0.5526 0.49 7 40 0.1750 0.29 
51 72 0.7083 17 38 0.4474 33 40 0.8250 
9 74 0.1216 0.66 30 36 0.8333 0.28 5 32 0.1563 0.62 
34 74 0.4595 6 36 0.1667 14 32 0.4375 
25 74 0.3378 0 0 0.0000 13 32 0.4063 
4 74 0.0541 0 0 0.0000 0 0 0.0000 
2 74 0.0270 0 0 0.0000 0 0 0.0000 
5 76 0.0658 0.17 27 38 0.7105 0.41 3 40 0.0750 0.14 
69 76 0.9079 11 38 0.2895 37 40 0.9250 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 76 0.0263 0 0 0.0000 0 0 0.0000 
3 70 0.0429 0.08 28 36 0.7778 0.35 4 36 0.1111 0.20 
Table Al (continued) 
Satt546 Dlb+W 63.0 2 16 76 0.2105 83 146 0.5685 
Satt274 Dlb+W 82.5 1 5 76 0.0658 0.77 15 154 0.0974 0.75 
Satt274 Dlb+W 82.5 2 6 76 0.0789 7 154 0.0455 
Satt274 Dlb+W 82.5 3 23 76 0.3026 58 154 0.3766 
Satt274 Dlb+W 82.5 4 22 76 0.2895 22 154 0.1429 
Satt274 Dlb+W 82.5 5 16 76 0.2105 42 154 0.2727 
Satt274 Dlb+W 82.5 6 1 76 0.0132 1 154 0.0065 
Satt274 Dlb+W 82.5 7 3 76 0.0395 9 154 0.0584 
Satt459 Dlb+W 98.6 1 72 76 0.9474 0.10 137 152 0.9013 0.18 
Satt459 Dlb+W 98.6 2 3 76 0.0395 14 152 0.0921 
Satt459 Dlb+W 98.6 3 1 76 0.0132 1 152 0.0066 
Satt271 Dlb+W 106.8 1 32 80 0.4000 0.68 74 154 0.4805 0.62 
Satt271 Dlb+W 106.8 2 14 80 0.1750 14 154 0.0909 
Satt271 Dlb+W 106.8 3 28 80 0.3500 57 154 0.3701 
Satt271 Dlb+W 106.8 4 6 80 0.0750 9 154 0.0584 
ScttOOS 02 0.0 1 68 80 0.8500 0.26 121 154 0.7857 0.34 
ScttOOS 02 0.0 2 10 80 0.1250 31 154 0.2013 
ScttOOS D2 0.0 3 2 80 0.0250 2 154 0.0130 
Sattl 35 D2 34.7 1 23 78 0.2949 0.45 28 156 0.1795 0.32 
Sattl 35 D2 34.7 2 53 78 0.6795 126 156 0.8077 
Sattl35 02 34.7 3 0 0 0.0000 0 0 0.0000 
Sattl 35 02 34.7 4 2 78 0.0256 2 156 0.0128 
Satt458 D2 34.7 1 2 80 0.0250 0.79 2 154 0.0130 0.79 
Satt458 D2 34.7 . 2 2 80 0.0250 2 154 0.0130 
Satt458 02 34.7 3 11 80 0.1375 23 154 0.1494 
Satt458 D2 34.7 4 5 80 0.0625 30 154 0.1948 
Satt458 02 34.7 5 0 0 0.0000 7 154 0.0455 
Satt458 02 34.7 6 5 80 0.0625 5 154 0.0325 
Satt458 02 34.7 7 28 80 0.3500 56 154 0.3636 
Satt458 D2 34.7 8 18 80 0.2250 18 154 0.1169 
Satt458 02 34.7 9 5 80 0.0625 7 154 0.0455 
Satt458 02 34.7 10 2 80 0.0250 2 154 0.0130 
Satt458 02 34.7 11 2 80 0.0250 2 154 0.0130 
Satt582 02 66.9 1 8 76 0.1053 0.23 10 152 0.0658 0.33 
Satt582 02 66.9 2 66 76 0.8684 123 152 0.8092 
Satt582 D2 66.9 3 2 76 0.0263 19 152 0.1250 
Satt389 02 93.8 1 23 74 0.3108 0.78 25 144 0.1736 0.79 
Satt389 D2 93.8 2 4 74 0.0541 4 144 0.0278 
Satt389 02 93.8 3 16 74 0.2162 20 144 0.1389 
Satt389 02 93.8 4 12 74 0.1622 37 144 0.2569 
Satt389 02 93.8 5 16 74 0.2162 40 144 0.2778 
67 70 0.9571 8 36 0.2222 32 36 0.8889 
10 78 0.1282 0.67 2 40 0.0500 0.76 8 38 0.2105 0.68 
1 78 0.0128 3 40 0.0750 1 38 0.0263 
35 78 0.4487 9 40 0.2250 16 38 0.4211 
0 0 0.0000 10 40 0.2500 0 0 0.0000 
26 78 0.3333 14 40 0.3500 12 38 0.3158 
0 0 0.0000 1 40 0.0250 1 38 0.0263 
6 78 0.0769 1 40 0.0250 0 0 0.0000 
65 76 0.8553 0.25 40 40 1.0000 0.00 29 34 0.8529 0.25 
11 76 0.1447 0 0 0.0000 5 34 0.1471 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
42 74 0.5676 0.52 8 40 0.2000 0.56 31 40 0.7750 0.35 
0 0 0.0000 8 40 0.2000 0 0 0.0000 
29 74 0.3919 24 40 0.6000 9 40 0.2250 
3 74 0.0405 0 0 0.0000 0 0 0.0000 
53 74 0.7162 0.41 34 38 0.8947 0.19 32 40 0.8000 0.32 
21 74 0.2838 4 38 0.1053 8 40 0.2000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
5 78 0.0641 0.12 12 40 0.3000 0.49 3 40 0.0750 0.18 
73 78 0.9359 26 40 0.6500 36 40 0.9000 
0 0 0.0000 0 0 0.0000 1 40 0.0250 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
0 0 0.0000 0.71 0 0 0.0000 0.78 0 0 0.0000 0.72 
0 0 0.0000 6 40 0.1500 0 0 0.0000 
12 74 0.1622 6 40 0.1500 7 40 0.1750 
25 74 0.3378 1 40 0.0250 16 40 0.4000 
7 74 0.0946 0 0 0.0000 8 40 0.2000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
28 74 0.3784 15 40 0.3750 9 40 0.2250 
0 0 0.0000 6 40 0.1500 0 0 0.0000 
2 74 0.0270 3 40 0.0750 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 3 40 0.0750 0 0 0.0000 
2 76 0.0263 0.39 3 38 0.0789 0.15 0 0 0.0000 0.18 
57 76 0.7500 35 38 0.9211 36 40 0.9000 
17 76 0.2237 0 0 0.0000 4 40 0.1000 
2 70 0.0286 0.70 5 38 0.1316 0.78 0 0 0.0000 0.73 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 70 0.0571 13 38 0.3421 5 38 0.1316 
25 70 0.3571 8 38 0.2105 12 38 0.3158 
24 70 0.3429 6 38 0.1579 10 38 0.2632 
Table Al (continued) 
Satt389 D2 93.8 
Satt389 D2 93.8 
Sattill 02 106.6 
Satt311 D2 106.6 
Satt311 02 106.6 
Satt311 02 106.6 
Satt311 D2 106.6 
Satt082 D2 112.1 
Satt082 D2 112.1 
Satt082 D2 112.1 
Satt301 D2 121.8 
Satt301 D2 121.8 
Satt301 D2 121.8 
Satt301 D2 121.8 
Satt301 D2 121.8 
Satt301 02 121.8 
Satt301 D2 121.8 
Sattl 86 02 139.1 
Sattl 86 D2 139.1 
Sattl 86 D2 139.1 
Sattl 86 D2 139.1 
Sattl 86 D2 139.1 
Sattl 86 D2 139.1 
Satt413 02 148.3 
Satt413 D2 148.3 
Satt413 D2 148.3 
Satt413 D2 148.3 
Satt256 D2 154.8 
Satt256 D2 154.8 
Satt212 E 0.0 
Satt212 E 0.0 
Satt212 E 0.0 
Satt212 E 0.0 
Satt212 E 0.0 
Satt212 E 0.0 
Satt212 E 0.0 
Satt212 E 0.0 
Satt212 E 0.0 
Satt213 E 12.3 
Satt213 E 12.3 
Satt213 E 12.3 
6 3 74 0.0405 18 144 0.1250 
7 0 0 0.0000 0 0 0.0000 
1 42 68 0.6176 0.54 102 146 0.6986 0.46 
2 0 0 0.0000 2 146 0.0137 
3 18 68 0.2647 34 146 0.2329 
5 5 68 0.0735 5 146 0.0342 
6 3 68 0.0441 3 146 0.0205 
1 12 74 0.1622 0.56 22 152 0.1447 0.42 
2 44 74 0.5946 112 152 0.7368 
3 18 74 0.2432 18 152 0.1184 
1 27 80 0.3375 0.78 56 156 0.3590 0.75 
2 12 80 0.1500. 27 156 0.1731 
3 10 80 0.1250 42 156 0.2692 
4 4 80 0.0500 4 156 0.0256 
5 6 80 0.0750 6 156 0.0385 
6 20 80 0.2500 20 156 0.1282 
7 1 80 0.0125 1 156 0.0064 
1 4 78 0.0513 0.36 4 152 0.0263 0.44 
2 4 78 0.0513 5 152 0.0329 
3 62 78 0.7949 111 152 0.7303 
4 4 78 0.0513 20 152 0.1316 
5 2 78 0.0256 8 152 0.0526 
6 2 78 0.0256 4 152 0.0263 
1 18 78 0.2308 0.51 30 156 0.1923 0.52 
3 51 78 0.6538 102 156 0.6538 
4 6 78 0.0769 21 156 0.1346 
5 3 78 0.0385 3 156 0.0192 
1 30 74 0.4054 0.48 49 148 0.3311 0.44 
2 44 74 0.5946 99 148 0.6689 
1 12 74 0.1622 0.76 27 148 0.1824 0.78 
2 27 74 0.3649 52 148 0.3514 
3 1 74 0.0135 1 148 0.0068 
4 12 74 0.1622 21 148 0.1419 
5 16 74 0.2162 30 148 0.2027 
6 5 74 0.0676 5 148 0.0338 
7 1 74 0.0135 11 148 0.0743 
8 0 0 0.0000 0 0 0.0000 
9 0 0 0.0000 1 148 0.0068 
1 66 68 0.9706 0.06 129 138 0.9348 0.13 
2 0 0 0.0000 1 138 0.0072 
4 1 68 0.0147 3 138 0.0217 
15 70 0.2143 4 38 0.1053 11 38 0.2895 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
60 78 0.7692 0.37 12 40 0.3000 0.60 29 40 0.7250 0.40 
2 78 0.0256 0 0 0.0000 0 0 0.0000 
16 78 0.2051 22 40 0.5500 11 40 0.2750 
0 0 0.0000 4 40 0.1000 0 0 0.0000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
10 78 0.1282 0.22 11 36 0.3056 0.67 6 40 0.1500 0.26 
68 78 0.8718 13 36 0.3611 34 40 0.8500 
0 0 0.0000 12 36 0.3333 0 0 0.0000 
29 76 0.3816 0.64 12 34 0.3529 0.75 19 36 0.5278 0.61 
15 76 0.1974 6 34 0.1765 9 36 0.2500 
32 76 0.4211 3 34 0.0882 8 36 0.2222 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 4 34 0.1176 0 0 0.0000 
0 0 0.0000 9 34 0.2647 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.51 0 0 0.0000 0.21 0 0 0.0000 0.34 
1 74 0.0135 2 34 0.0588 0 0 0.0000 
49 74 0.6622 30 34 0.8824 32 40 0.8000 
16 74 0.2162 0 0 0.0000 4 40 0.1000 
6 74 0.0811 0 0 0.0000 4 40 0.1000 
2 74 0.0270 2 34 0.0588 0 0 0.0000 
12 78 0.1538 0.51 18 40 0.4500 0.50 4 40 0.1000 0.30 
51 78 0.6538 22 40 0.5500 33 40 0.8250 
15 78 0.1923 0 0 0.0000 3 40 0.0750 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
19 74 0.2568 0.38 21 30 0.7000 0.42 10 32 0.3125 0.43 
55 74 0.7432 9 30 0.3000 22 32 0.6875 
15 74 0.2027 0.78 4 30 0.1333 0.70 5 32 0.1563 0.67 
25 74 0.3378 12 30 0.4000 13 32 0.4063 
0 0 0.0000 1 30 0.0333 0 0 0.0000 
9 74 0.1216 2 30 0.0667 0 0 0.0000 
14 74 0.1892 10 30 0.3333 12 32 0.3750 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
10 74 0.1351 1 30 0.0333 2 32 0.0625 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 74 0.0135 0 0 0.0000 0 0 0.0000 
63 70 0.9000 0.19 30 32 0.9375 0.12 34 34 1.0000 0.00 
1 70 0.0143 0 0 0.0000 0 0 0.0000 
2 70 0.0286 0 0 0.0000 0 0 0.0000 
Table Al (continued) 
Satt213 E 12.3 5 0 
Satt213 E 12.3 6 0 
Satt213 E 12.3 7 1 
Satt213 E 12.3 8 0 
Satt411 E 22.5 1 13 
Satt411 E 22.5 2 57 
Satt411 E 22.5 3 5 
Satt411 E 22.5 4 5 
Satt598 E 43.5 1 37 
Satt598 E 43.5 2 41 
Sat_124 E 64.4 1 0 
Sat_124 E 64.4 2 2 
SatJ 24 E 64.4 3 7 
Sat_124 E 64.4 4 2 
Sat_124 E 64.4 5 2 
Sat_124 E 64.4 6 3 
Sat_124 E 64.4 7 4 
Sat_124 E 64.4 8 4 
Sat_124 E 64.4 9 2 
Sat_124 E 64.4 10 2 
Sat_124 E 64.4 11 4 
Sat_124 E 64.4 12 7 
Sat_124 E 64.4 13 9 
Sat_124 E 64.4 14 8 
Sat_124 E 64.4 15 1 
Sat_124 E 64.4 16 2 
Sat_124 E 64.4 17 4 
Sat_124 E 64.4 18 4 
Sat_124 E 64.4 19 1 
Sat_124 E 64.4 20 2 
Satt491 E 85.2 1 0 
Satt491 E 85.2 2 1 
Satt491 E 85.2 3 15 
Satt491 E 85.2 4 58 
Satt491 E 85.2 5 2 
Satt204 E 100.6 1 28 
Satt204 E 100.6 2 2 
Satt204 E 100.6 3 15 
Satt204 E 100.6 4 10 
Satt204 E 100.6 5 21 
Satt204 E 100.6 6 2 
0.0000 2 138 0.0145 
0.0000 0 0 0.0000 
0.0147 1 138 0.0072 
0.0000 2 138 0.0145 
0.1625 0.46 37 156 0.2372 
0.7125 109 156 0.6987 
0.0625 5 156 0.0321 
0.0625 5 156 0.0321 
0.4744 0.50 98 156 0.6282 
0.5256 58 156 0.3718 
0.0000 0.93 2 140 0.0143 
0.0286 2 140 0.0143 
0.1000 7 140 0.0500 
0.0286 4 140 0.0286 
0.0286 8 140 0.0571 
0.0429- 27 140 0.1929 
0.0571 19 140 0.1357 
0.0571 8 140 0.0571 
0.0286 2 140 0.0143 
0.0286 4 140 0.0286 
0.0571 8 140 0.0571 
0.1000 9 140 0.0643 
0.1286 9 140 0.0643 
0.1143 9 140 0.0643 
0.0143 5 140 0.0357 
0.0286 2 140 0.0143 
0.0571 8 140 0.0571 
0.0571 4 140 0.0286 
0.0143 1 140 0.0071 
0.0286 2 140 0.0143 
0.0000 0.38 1 154 0.0065 
0.0132 18 154 0.1169 
0.1974 34 154 0.2208 
0.7632 99 154 0.6429 
0.0263 2 154 0.0130 
0.3590 0.74 49 152 0.3224 
0.0256 2 152 0.0132 
0.1923 32 152 0.2105 
0.1282 34 152 0.2237 
0.2692 33 152 0.2171 




























































































































































































































































































































































































































Table Al (continued) 
Satt355 E 102.2 1 16 
Satt355 E 102.2 2 35 
Satt355 E 102.2 3 28 
Satt355 E 102.2 7 1 
Satt230 E 137.8 1 67 
Satt230 E 137.8 2 11 
Sattl46 F 0.0 1 22 
Sattl 46 F 0.0 2 19 
Sattl46 F 0.0 3 2 
Sattl46 F 0.0 4 2 
Sattl 46 F 0.0 5 12 
Sattl46 F 0.0 6 2 
Sattl 46 F 0.0 7 11 
Sattl46 F 0.0 8 2 
Satt343 F 1.7 1 29 
Satt343 F 1.7 2 14 
Satt343 F 1.7 3 20 
Satt343 F 1.7 4 9 
Satt343 F 1.7 5 2 
Satt343 F 1.7 6 0 
Satt252 F 16.2 1 2 
Satt252 F 16.2 2 60 
Satt252 F 16.2 3 10 
Satt252 F 16.2 4 4 
Satt252 F 16.2 5 0 
Satt516 F 50.7 1 26 
Satt516 F 50.7 2 6 
Satt516 F 50.7 3 32 
Satt516 F 50.7 4 4 
Satt516 F 50.7 5 0 
Satt425 F 56.4 1 0 
Satt425 F 56.4 2 71 
Satt425 F 56.4 3 0 
Satt425 F 56.4 4 6 
Satt425 F 56.4 5 1 
Sattl 14 F 80.6 1 37 
Sattl 14 F 80.6 2 20 
Sattl 14 F 80.6 3 2 
Sattl 14 F 80.6 4 15 
Sattl 14 F 80.6 5 2 
Sattl 14 F 80.6 6 0 
0.2000 0.65 22 158 0.1392 0.57 
0.4375 90 158 0.5696 
0.3500 45 158 0.2848 
0.0125 1 158 0.0063 
0.8590 0.24 145 156 0.9295 0.13 
0.1410 11 156 0.0705 
0.3056 0.78 62 150 0.4133 0.75 
0.2639 30 150 0.2000 
0.0278 2 150 0.0133 
0.0278 15 150 0.1000 
0.1667 24 150 0.1600 
0.0278 4 150 0.0267 
0.1528 11 150 0.0733 
0.0278 2 150 0.0133 
0.3919 0.72 37 144 0.2569 0.77 
0.1892 45 144 0.3125 
0.2703 24 144 0.1667 
0.1216 28 144 0.1944 
0.0270 8 144 0.0556 
0.0000 2 144 0.0139 
0.0263 0.36 2 152 0.0132 0.45 
0.7895 109 152 0.7171 
0.1316 14 152 0.0921 
0.0526 27 152 0.1776 
0.0000 0 0 0.0000 
0.3824 0.62 28 142 0.1972 0.61 
0.0882 33 142 0.2324 
0.4706 77 142 0.5423 
0.0588 4 142 0.0282 
0.0000 0 0 0.0000 
0.0000 0.17 1 150 0.0067 0.33 
0.9103 120 150 0.8000 
0.0000 1 150 0.0067 
0.0769 27 150 0.1800 
0.0128 1 150 0.0067 
0.4868 0.65 39 148 0.2635 0.76 
0.2632 26 148 0.1757 
0.0263 3 148 0.0203 
0.1974 44 148 0.2973 
0.0263 34 148 0.2297 










































6 78 0.0769 0.45 3 38 0.0789 0.61 2 38 0.0526 0.46 
55 78 0.7051 18 38 0.4737 26 38 0.6842 
17 78 0.2179 15 38 0.3947 10 38 0.2632 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
78 78 1.0000 0.00 33 36 0.9167 0.15 32 32 1.0000 0.00 
0 0 0.0000 3 36 0.0833 0 0 0.0000 
40 78 0.5128 0.67 18 38 0.4737 0.70 15 40 0.3750 0.72 
11 78 0.1410 4 38 0.1053 11 40 0.2750 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
13 78 0.1667 3 38 0.0789 7 40 0.1750 
12 78 0.1538 8 38 0.2105 7 40 0.1750 
2 78 0.0256 2 38 0.0526 0 0 0.0000 
0 0 0.0000 3 38 0.0789 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 70 0.1143 0.71 10 36 0.2778 0.73 2 40 0.0500 0.68 
31 70 0.4429 4 36 0.1111 16 40 0.4000 
4 70 0.0571 14 36 0.3889 1 40 0.0250 
19 70 0.2714 4 36 0.1111 14 40 0.3500 
6 70 0.0857 4 36 0.1111 7 40 0.1750 
2 70 0.0286 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.49 1 38 0.0263 0.36 0 0 0.0000 0.15 
49 76 0.6447 30 38 0.7895 35 38 0.9211 
4 76 0.0526 4 38 0.1053 0 0 0.0000 
23 76 0.3026 3 38 0.0789 3 38 0.0789 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 74 0.0270 0.50 15 36 0.4167 0.60 2 34 0.0588 0.49 
27 74 0.3649 1 36 0.0278 10 34 0.2941 
45 74 0.6081 17 36 0.4722 22 34 0.6471 
0 0 0.0000 3 36 0.0833 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 72 0.0139 0.45 0 0 0.0000 0.22 0 0 0.0000 0.33 
49 72 0.6806 28 32 0.8750 30 38 0.7895 
1 72 0.0139 0 0 0.0000 0 0 0.0000 
21 72 0.2917 4 32 0.1250 8 38 0.2105 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 72 0.0278 0.63 14 36 0.3889 0.71 0 0 0.0000 0.61 
6 72 0.0833 10 36 0.2778 7 40 0.1750 
1 72 0.0139 0 0 0.0000 0 0 0.0000 
29 72 0.4028 7 36 0.1944 13 40 0.3250 
32 72 0.4444 5 36 0.1389 20 40 0.5000 
2 72 0.0278 0 0 0.0000 0 0 0.0000 
Table Al (continued) 
Satt334 F 95.0 1 3 
Satt334 F 95.0 2 8 
Satt334 F 95.0 3 36 
Satt334 F 95.0 4 6 
Satt334 F 95.0 5 7 
Sat_120 F 113.3 4 0 
Sat_120 F 113.3 5 14 
Sat_120 F 113.3 6 60 
Sat_120 F 113.3 7 0 
Sat_120 F 113.3 8 0 
Sat_120 F 113.3 9 0 
Sat_120 F 113.3 10 4 
Sat_120 F 113.3 11 0 
Sat_120 F 113.3 12 0 
Sat_120 F 113.3 13 0 
Sat_120 F 113.3 14 0 
Sat_120 F 113.3 18 2 
SattSIO F 114.8 1 57 
SattSIO F 114.8 2 10 
SattSIO F 114.8 3 3 
SattSIO F 114.8 4 8 
SattSIO F 114.8 5 0 
Satt335 F 126.2 1 63 
Satt335 F 126.2 2 15 
Satt335 F 126.2 3 2 
Sattl 44 F 157.8 2 46 
Sattl44 F 157.8 3 28 
Sattl 44 F 157.8 4 2 
Satt395 F 178.2 1 73 
Satt395 F 178.2 2 2 
Satt395 F 178.2 3 3 
Sat_074 F 181.8 1 1 
Sat_074 F 181.8 2 4 
Sat_074 F 181.8 3 0 
Sat_074 F 181.8 4 8 
Sat_074 F 181.8 6 6 
Sat_074 F 181.8 7 0 
Sat_074 F 181.8 8 9 
Sat_074 F 181.8 9 12 
Sat_074 F 181.8 10 4 
Sat 074 F 181.8 11 14 
0.0500 0.60 3 136 0.0221 0.61 
0.1333 8 136 0.0588 
0.6000 64 136 0.4706 
0.1000 54 136 0.3971 
0.1167 7 136 0.0515 
0.0000 0.40 0 0 0.0000 0.68 
0.1750 15 148 0.1014 
0.7500 69 148 0.4662 
0.0000 2 148 0.0135 
0.0000 6 148 0.0405 
0.0000 2 148 0.0135 
0.0500 44 148 0.2973 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 8 148 0.0541 
0.0000 0 0 0.0000 
0.0250 2 148 0.0135 
0.7308 0.44 72 156 0.4615 0.63 
0.1282 10 156 0.0641 
0.0385 3 156 0.0192 
0.1026 59 156 0.3782 
0.0000 12 156 0.0769 
0.7875 0.34 86 158 0.5443 0.51 
0.1875, 70 158 0.4430 
0.0250 2 158 0.0127 
0.6053 0.50 92 152 0.6053 0.49 
0.3684 58 152 0.3816 
0.0263 2 152 0.0132 
0.9359 0.12 151 156 0.9679 0.06 
0.0256 2 156 0.0128 
0.0385 3 156 0.0192 
0.0128 0.89 1 152 0.0066 0.84 
0.0513 6 152 0.0395 
0.0000 0 0 0.0000 
0.1026 31 152 0.2039 
0.0769 7 152 0.0461 
0.0000 0 0 0.0000 
0.1154 9 152 0.0592 
0.1538 12 152 0.0789 
0.0513 4 152 0.0263 










































0 0 0.0000 0.47 0 0 0.0000 0.70 0 0 0.0000 0.28 
0 0 0.0000 10 36 0.2778 0 0 0.0000 
28 76 0.3684 15 36 0.4167 6 36 0.1667 
48 76 0.6316 6 36 0.1667 30 36 0.8333 
0 0 0.0000 5 36 0.1389 0 0 0.0000 
0 0 0.0000 0.61 0 0 0.0000 0.54 0 0 0.0000 0.68 
1 68 0.0147 15 36 0.4167 8 40 0.2000 
9 68 0.1324 19 36 0.5278 6 40 0.1500 
2 68 0.0294 0 0 0.0000 2 40 0.0500 
6 68 0.0882 0 0 0.0000 2 40 0.0500 
2 68 0.0294 0 0 0.0000 0 0 0.0000 
40 68 0.5882 2 36 0.0556 20 40 0.5000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 68 0.1176 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 2 40 0.0500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
15 78 0.1923 0.51 22 40 0.5500 0.60 3 36 0.0833 0.37 
0 0 0.0000 9 40 0.2250 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
51 78 0.6538 9 40 0.2250 28 36 0.7778 
12 78 0.1538 0 0 0.0000 5 36 0.1389 
23 78 0.2949 0.42 23 40 0.5750 0.49 13 40 0.3250 0.44 
55 78 0.7051 17 40 0.4250 27 40 0.6750 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
46 76 0.6053 0.48 17 36 0.4722 0.50 30 40 0.7500 0.38 
30 76 0.3947 19 36 0.5278 10 40 0.2500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
78 78 1.0000 0.00 36 36 1.0000 0.00 40 40 1.0000 0.00 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.71 0 0 0.0000 0.86 0 0 0.0000 0.72 
2 74 0.0270 0 0 0.0000 1 40 0.0250 
0 0 0.0000 2 34 0.0588 0 0 0.0000 
23 74 0.3108 6 34 0.1765 12 40 0.3000 
1 74 0.0135 4 34 0.1176 0 0 0.0000 
0 0 0.0000 1 34 0.0294 0 0 0.0000 
0 0 0.0000 6 34 0.1765 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 5 40 0.1250 
29 74 0.3919 6 34 0.1765 15 40 0.3750 
Table Al (continued) 
Sat_074 F 181.8 12 3 
Sat_074 F 181.8 13 6 
Sat_074 F 181.8 14 8 
Sat_074 F 181.8 15 3 
Sat_074 F 181.8 16 0 
Satt038 G 0.0 1 14 
Satt038 G 0.0 2 0 
Satt038 G 0.0 3 11 
Satt038 G 0.0 4 20 
Satt038 G 0.0 5 13 
Satt038 G 0.0 6 4 
Satt038 G 0.0 7 10 
Satt309 G 1.9 1 4 
Satt309 G 1.9 2 4 
Satt309 G 1.9 3 1 
Satt309 G 1.9 4 0 
Satt309 G 1.9 5 4 
Satt309 G 1.9 6 4 
Satt309 G 1.9 7 19 
Satt309 G 1.9 8 5 
Satt309 G 1.9 9 2 
Satt309 G 1.9 10 1 
Satt309 G 1.9 11 26 
Satt309 G 1.9 12 2 
Satt309 G 1.9 13 0 
Satt309 G 1.9 14 0 
Satt309 G 1.9 15 0 
Satt324 G 25.9 1 33 
Satt324 G 25.9 2 1 
Satt324 G 25.9 3 46 
Satt394 G 51.6 1 34 
Satt394 G 51.6 2 13 
Satt394 G 51.6 3 17 
Satt394 G 51.6 4 16 
Satt594 G 61.3 1 16 
Satt594 G 61.3 2 2 
Satt594 G 61.3 3 4 
Satt594 G 61.3 4 57 
Satt594 G 61.3 5 0 
Satt594 G 61.3 6 1 
Satt340 G 77.4 1 4 
0.0385 16 152 0.1053 
0.0769 6 152 0.0395 
0.1026 12 152 0.0789 
0.0385 5 152 0.0329 
0.0000 0 0 0.0000 
0.1944 0.81 14 144 0.0972 0.77 
0.0000 4 144 0.0278 
0.1528 39 144 0.2708 
0.2778 24 144 0.1667 
0.1806 49 144 0.3403 
0.0556 4 144 0.0278 
0.1389 10 144 0.0694 
0.0556 0.78 4 144 0.0278 0.70 
0.0556 4 144 0.0278 
0.0139 3 144 0.0208 
0.0000 2 144 0.0139 
0.0556 6 144 0.0417 
0.0556 4 144 0.0278 
0.2639 38 144 0.2639 
0.0694 7 144 0.0486 
0.0278 3 144 0.0208 
0.0139 1 144 0.0069 
0.3611 68 144 0,4722 
0.0278 4 144 0.0278 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.4125 0.50 59 158 0.3734 0.56 
0.0125 13 158 0.0823 
0.5750 86 158 0.5443 
0.4250 0.71 90 152 0.5921 0.59 
0.1625 13 152 0.0855 
0.2125 27 152 0.1776 
0.2000 22 152 0.1447 
0.2000 0.45 28 158 0.1772 0.57 
0.0250 2 158 0.0127 
0.0500 4 158 0.0253 
0.7125 98 158 0.6203 
0.0000 16 158 0.1013 
0.0125 10 158 0.0633 










































13 74 0.1757 
0 0 0.0000 
4 74 0.0541 
2 74 0.0270 
0 0 0.0000 
0 0 0.0000 0.59 
4 72 0.0556 
28 72 0.3889 
4 72 0.0556 
36 72 0.5000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 0.59 
0 0 0.0000 
2 72 0.0278 
2 72 0.0278 
2 72 0.0278 
0 0 0.0000 
19 72 0.2639 
2 72 0.0278 
1 72 0.0139 
0 0 0.0000 
42 72 0.5833 
2 72 0,0278 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
26 78 0.3333 0.60 
12 78 0.1538 
40 78 0.5128 
56 72 0.7778 0.37 
0 0 0.0000 
10 72 0.1389 
6 72 0.0833 
12 78 0.1538 0.64 
0 0 0.0000 
0 0 0.0000 
41 78 0.5256 
16 78 0.2051 
9 78 0.1154 
0 0 0.0000 0.42 
0 0 0.0000 
4 34 0.1176 
1 34 0.0294 
4 34 0.1176 
0 0 0.0000 
5 30 0.1667 0.70 
0 0 0.0000 
2 30 0.0667 
13 30 0.4333 
0 0 0.0000 
2 30 0.0667 
8 30 0.2667 
0 0 0.0000 0.70 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
11 34 0.3235 
0 0 0.0000 
11 34 0.3235 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
10 34 0.2941 
2 34 0.0588 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
19 40 0.4750 0.50 
0 0 0.0000 
21 40 0.5250 
18 38 0.4737 0.66 
3 38 0.0789 
11 38 0.2895 
6 38 0.1579 
16 40 0.4000 0.56 
0 0 0.0000 
0 0 0.0000 
21 40 0.5250 
1 40 0.0250 
2 40 0.0500 
3 40 0.0750 0.30 
7 40 0.1750 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 0.49 
2 40 0.0500 
9 40 0.2250 
2 40 0.0500 
27 40 0.6750 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 0.47 
2 40 0.0500 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
1 40 0.0250 
7 40 0.1750 
2 40 0.0500 
0 0 0.0000 
0 0 0.0000 
28 40 0.7000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
18 40 0.4500 0.52 
1 40 0.0250 
21 40 0.5250 
21 38 0.5526 0.59 
0 0 0.0000 
6 38 0.1579 
11 38 0.2895 
14 38 0.3684 0.69 
0 0 0.0000 
0 0 0.0000 
14 38 0.3684 
7 38 0.1842 
3 38 0.0789 
0 0 0.0000 0.38 
Table Al (continued) 
Satt340 G 77.4 
Satt340 G 77.4 
Satt340 G 77.4 
Satt5Q5 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Sattl 99 G 100.8 
Sattl 99 G 100.8 
Sattl99 G 100.8 
Satt517 G 103.2 
Satt517 G 103.2 
Satt517 G 103.2 
Satt517 G 103.2 
Satt517 G 103.2 
Satt517 G 103.2 
Sat_l 17 G 138.4 
Sat_l 17 G 138.4 
Sat_l 17 G 138.4 
Sat_117 G 138.4 
Sat_117 G 138.4 
Sat_l 17 G 138.4 
Sat_l 17 G 138.4 
Sat_117 G 138.4 
Sct_187 G 155.7 
Sct_187 G 155.7 
Sct_187 G 155.7 
Sct_187 G 155.7 
Satt568 H 27.6 
Satt568 H 27.6 
Sattl 92 H 41.1 
Sattl 92 H 41.1 
Sattl 92 H 41.1 
Sattl 92 H 41.1 
Sattl92 H 41.1 
Satt469 H 68.5 
Satt469 H 68.5 
Satt314 H 77.3 
2 65 78 0.8333 120 156 0.7692 
3 7 78 0.0897 30 156 0.1923 
4 2 78 0.0256 2 156 0.0128 
1 4 78 0.0513 0.40 4 156 0.0256 0.50 
2 59 78 0.7564 105 156 * 0.6731 
3 11 78 0.1410 32 156 0.2051 
4 0 0 0.0000 9 156 0.0577 
5 0 0 0.0000 2 156 0.0128 
6 2 78 0.0256 2 156 0:0128 
7 2 78 0.0256 2 156 0.0128 
1 64 76 0.8421 0.27 109 148 0.7365 0.39 
2 2 76 0.0263 2 148 0.0135 
3 10 76 0.1316 37 148 0.2500 
1 4 80 0.0500 0.76 4 158 0.0253 0.59 
2 26 80 0.3250 96 158 0.6076 
3 12 80 0.1500 18 158 0.1139 
4 21 80 0.2625 22 158 0.1392 
5 15 80 0.1875 16 158 0.1013 
6 2 80 0.0250 2 158 0.0127 
1 0 0 0.0000 0.64 0 0 0.0000 0.66 
2 4 68 0.0588 4 128 0.0313 
3 38 68 0.5588 51 128 0.3984 
4 2 68 0.0294 3 128 0.0234 
5 10 68 0.1471 53 128 0.4141 
6 2 68 0.0294 5 128 0.0391 
7 10 68 0.1471 10 128 0.0781 
8 2 68 0.0294 2 128 0.0156 
2 10 78 0.1282 0.50 10 154 0.0649 0.29 
3 7 78 0.0897 7 154 0.0455 
4 8 78 0.1026 8 154 0.0519 
5 53 78 0.6795 129 154 0.8377 
1 4 68 0.0588 0.11 4 136 0.0294 0.06 
2 64 68 0.9412- 132 136 0.9706 
1 29 72 0.4028 0.69 66 142 0.4648 0.65 
2 17 72 0.2361 29 142 0.2042 
3 22 72 0.3056 43 142 0.3028 
4 4 72 0.0556 4 142 0.0282 
5 0 0 0.0000 0 0 0.0000 
1 70 74 0.9459 0.10 128 152 0.8421 0.27 
2 4 74 0.0541 24 152 0.1579 
1 0 0 0.0000 0.52 2 156 0.0128 0.53 
55 78 0.7051 33 40 0.8250 30 40 0.7500 
23 78 0.2949 4 40 0.1000 10 40 0.2500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.57 2 40 0.0500 0.43 0 0 0.0000 0.42 
46 78 0.5897 29 40 0.7250 28 38 0.7368 
21 78 0.2692 8 40 0.2000 7 38 0.1842 
9 78 0.1154 0 0 0.0000 3 38 0.0789 
2 78 0.0256 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
45 72 0.6250 0.47 27 36 0.7500 0.41 33 38 0.8684 0.23 
0 0 0.0000 4 36 0.1111 0 0 0.0000 
27 72 0.3750 5 36 0.1389 5 38 0.1316 
0 0 0.0000 0.19 0 0 0.0000 0.63 0 0 0.0000 0.14 
70 78 0.8974 22 40 0.5500 37 40 0.9250 
6 78 0.0769 3 40 0.0750 0 0 0.0000 
1 78 0.0128 8 40 0.2000 0 0 0.0000 
1 78 0.0128 5 40 0.1250 3 40 0.0750 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
0 0 0.0000 0.44 1 36 0.0278 0.69 0 0 0.0000 0.49 
0 0 0.0000 2 36 0.0556 0 0 0.0000 
13 60 0.2167 17 36 0.4722 7 38 0.1842 
1 60 0.0167 0 0 0.0000 1 38 0.0263 
43 60 0.7167 8 36 0.2222 26 38 0.6842 
3 60 0.0500 2 36 0.0556 4 38 0.1053 
0 0 0.0000 6 36 0.1667 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.00 8 38 0.2105 0.53 0 0 0.0000 0.00 
0 0 0.0000 6 38 0.1579 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
76 76 1.0000 24 38 0.6316 36 36 1.0000 
0 0 0.0000 0.00 1 38 0.0263 0.05 0 0 0.0000 0.00 
68 68 1.0000 37 38 0.9737 40 40 1.0000 
37 70 0.5286 0.60 10 32 0.3125 0.63 18 32 0.5625 0.59 
12 70 0.1714 4 32 0.1250 6 32 0.1875 
21 70 0.3000 16 32 0.5000 8 32 0.2500 
0 0 0.0000 2 32 0.0625 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
58 78 0.7436 0.38 38 40 0.9500 0.10 35 40 0.8750 0.22 
20 78 0.2564 2 40 0.0500 5 40 0.1250 
2 78 0.0256 0.53 0 0 0.0000 0.57 0 0 0.0000 0.49 
Table Al (continued) 
Satt314 H 77.3 
SatG 14 H 77.3 
Satt314 H 77.3 
Satt314 H 77.3 
Satt302 H 110.4 
Satt302 H 110.4 
Satt302 H 110.4 
Satt302 H 110.4 
Satt317 H 128.4 
Satt317 H 128.4 
Satt317 H 128.4 
Satt317 H 128.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt571 I 2.4 
Satt571 I 2.4 
Satt571 I 2.4 
Satt571 I 2.4 
Sattl 27 I 15.5 
Sattl 27 I 15.5 
Sattl 27 I 15.5 
Sattl 27 I 15.5 
Satt239 I 25.3 
Satt239 I 25.3 
Satt239 I 25.3 
Satt239 I 25.3 
Satt239 I 25.3 
Satt239 I 25.3 
Satt270 I 57.9 
Satt270 I 57.9 
Satt270 I 57.9 
Satt270 I 57.9 
Satt270 I 57.9 
Sattl 48 I 84.5 
Sattl48 I 84.5 
2 0 0 0.0000 1 156 0.0064 
3 39 78 0.5000 80 156 0.5128 
4 37 78 0.4744 71 156 0.4551 
5 2 78 0.0256 2 156 0.0128 
1 4 76 0.0526 0.59 8 154 0.0519 0.62 
2 32 76 0.4211 66 154 0.4286 
3 36 76 0.4737 67 154 0.4351 
4 4 76 0.0526 13 154 0.0844 
1 0 0 0.0000 0.40 1 148 0.0068 0.44 
2 52 70 0.7429 102 148 0.6892 
3 16 70 0.2286 43 148 0.2905 
4 2 70 0.0286 2 148 0.0135 
1 0 0 0.0000 0.41 0 0 0.0000 0.29 
2 0 0 0.0000 0 0 0.0000 
3 10 72 0.1389 10 144 0.0694 
4 4 72 0.0556 4 144 0.0278 
5 2 72 0.0278 2 144 0.0139 
6 0 0 0.0000 0 0 0.0000 
7 54 72 0.7500 121 144 0.8403 
8 2 72 0.0278 7 144 0.0486 
1 3 78 0.0385 0.54 7 154 0.0455 0.68 
2 21 78 0.2692 38 154 0.2468 
3 48 78 0.6154 61 154 0.3961 
4 6 78 0.0769 48 154 0.3117 
1 3 78 0.0385 0.35 3 156 0.0192 0.22 
2 9 78 0.1154 10 156 0.0641 
3 4 78 0.0513 6 156 0.0385 
4 62 78 0.7949 137 156 0.8782 
1 32 78 0.4103 0.72 34 154 0.2208 0.73 
2 4 78 0.0513 6 154 0.0390 
3 2 78 0.0256 3 154 0.0195 
4 16 78 0.2051 16 154 0.1039 
5 5 78 0.0641 62 154 0.4026 
6 19 78 0.2436 33 154 0.2143 
1 26 80 0.3250 0.67 27 158 0.1709 0.70 
2 37 80 0.4625 40 158 0.2532 
3 5 80 0.0625. 71 158 0.4494 
4 6 80 0.0750 6 158 0.0380 
5 6 80 0.0750 14 158 0.0886 
1 2 68 0.0294 0.53 2 138 0.0145 0.64 
2 44 68 0.6471 75 138 0.5435 
1 78 0.0128 2 40 0.0500 0 0 0.0000 
41 78 0.5256 22 40 0.5500 17 38 0.4474 
34 78 0.4359 14 40 0.3500 21 38 0.5526 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
4 78 0.0513 0.64 5 38 0.1316 0.65 0 0 0.0000 0.48 
34 78 0.4359 15 38 0.3947 14 36 0.3889 
31 78 0.3974 16 38 0.4211 22 36 0.6111 
9 78 0.1154 2 38 0.0526 0 0 0.0000 
1 78 0.0128 0.47 0 0 0.0000 0.35 0 0 0.0000 0.35 
50 78 0.6410 30 38 0.7895 31 40 0.7750 
27 78 0.3462 6 38 0.1579 9 40 0.2250 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
0 0 0.0000 0.13 1 34 0.0294 0.59 2 30 0.0667 0.48 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 8 34 0.2353 3 30 0.1000 
0 0 0.0000 1 34 0.0294 0 0 0.0000 
0 0 0.0000 1 34 0.0294 0 0 0.0000 
0 0 0.0000 2 34 0.0588 4 30 0.1333 
67 72 0.9306 20 34 0.5882 21 30 0.7000 
5 72 0.0694 1 34 0.0294 0 0 0.0000 
4 76 0.0526 0.61 0 0 0.0000 0.43 8 40 0.2000 0.73 
17 76 0.2237 4 40 0.1000 6 40 0.1500 
13 76 0.1711 29 40 0.7250 12 40 0.3000 
42 76 0.5526 7 40 0.1750 14 40 0.3500 
0 0 0.0000 0.07 0 0 0.0000 0.14 0 0 0.0000 0.19 
1 78 0.0128 2 40 0.0500 3 38 0.0789 
2 78 0.0256 1 40 0.0250 1 38 0.0263 
75 78 0.9615 37 40 0.9250 34 38 0.8947 
2 76 0.0263 0.40 19 38 0.5000 0.67 0 0 0.0000 0.48 
2 76 0.0263 1 38 0.0263 1 40 0.0250 
1 76 0.0132 0 0 0.0000 2 40 0.0500 
0 0 0.0000 7 38 0.1842 0 0 0.0000 
57 76 0.7500 4 38 0.1053 27 40 0.6750 
14 76 0.1842 7 38 0.1842 10 40 0.2500 
1 78 0.0128 0.27 13 38 0.3421 0.69 2 32 0.0625 0.28 
3 78 0.0385 13 38 0.3421 0 0 0.0000 
66 78 0.8462 10 38 0.2632 27 32 0.8438 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 78 0.1026 2 38 0.0526 3 32 0.0938 
0 0 0.0000 0.69 0 0 0.0000 0.46 0 0 0.0000 0.63 
31 70 0.4429 27 38 0.7105 18 38 0.4737 
Table Al (continued) 
Sattl48 84.5 3 6 
Sattl 48 84.5 4 14 
Sattl48 84.5 5 2 
Satt440 114.2 1 44 
Satt440 114.2 2 15 
Satt440 114.2 3 17 
Satt440 114.2 4 2 
Satt440 114.2 5 2 
Satt285 19.5 1 1 
Satt285 19.5 2 33 
Satt285 19.5 3 0 
Satt285 19.5 4 44 
Satt285 19.5 5 0 
Satt596 63.6 1 10 
Satt596 63.6 2 0 
Satt596 63.6 3 4 
Satt596 63.6 4 44 
Satt596 63.6 5 13 
SattS96 63.6 6 3 
Satt596 63.6 7 0 
Sattl 32 69.7 1 57 
Sattl32 69.7 3 21 
Satt529 74.4 1 62 
Satt529 74.4 2 9 
Satt529 74.4 4 8 
Satt529 74.4 6 1 
Sct_001 75.8 1 14 
Sct_001 75.8 2 66 
Satt244 105.5 1 4 
Satt244 105.5 2 2 
Satt244 105.5 3 3 
Satt244 105.5 4 2 
Satt244 105.5 5 17 
Satt244 105.5 6 3 
Satt244 105.5 9 44 
Satt244 105.5 10 3 
Satt244 105.5 11 0 
Satt244 105.5 13 2 
Satt431 118.0 1 11 
Satt431 118.0 2 32 
Satt431 118.0 3 6 
0.0882 18 138 0.1304 
0.2059 22 138 0.1594 
0.0294 21 138 0.1522 
0.5500 0.62 51 158 0.3228 0.68 
0.1875 58 158 0.3671 
0.2125 45 158 0.2848 
0.0250 2 158 0.0127 
0.0250 2 158 0.0127 
0.0128 0.50 1 152 0.0066 0.52 
0.4231 60 152 0.3947 
0.0000 0 0 0.0000 
0.5641 87 152 0.5724 
0.0000 4 152 0.0263 
0.1351 0.59 11 152 0.0724 0.70 
0.0000 3 152 0.0197 
0.0541 13 152 0.0855 
0.5946 44 152 0.2895 
0.1757 66 152 0.4342 
0.0405 15 152 0.0987 
0.0000 0 0 0.0000 
0.7308 0.39 77 156 0.4936 0.50 
0.2692 79 156 0.5064 
0.7750 0.38 127 158 0.8038 0.34 
0.1125 12 158 0.0759 
0.1000 11 158 0.0696 
0.0125 8 158 0.0506 
0.1750 0.29 54 158 0.3418 0.45 
0.8250 104 158 0.6582 
0.0500 0.64 8 154 0.0519 0.68 
0.0250 2 154 0.0130 
0.0375 3 154 0.0195 
0.0250 2 154 0.0130 
0.2125 17 154 0.1104 
0.0375 5 154 0.0325 
0.5500 74 154 0.4805 
0.0375 41 154 0.2662 
0.0000 0 0. 0.0000 
0.0250 2 154 0.0130 
0.1410 0.76 15 150 0.1000 0.77 
0.4103 59 150 0.3933 










































12 70 0.1714 4 38 0.1053 14 38 0.3684 
8 70 0.1143 5 38 0.1316 2 38 0.0526 
19 70 0.2714 2 38 0.0526 4 38 0.1053 
7 78 0.0897 0.56 26 40 0.6500 0.52 5 38 0.1316 0.61 
43 78 0.5513 9 40 0.2250 17 38 0.4474 
28 78 0.3590 4 40 0.1000 16 38 0.4211 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
0 0 0.0000 0.53 0 0 0.0000 0.47 0 0 0.0000 0.52 
27 74 0.3649 13 40 0.3250 14 40 0.3500 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
43 74 0.5811 26 40 0.6500 24 40 0.6000 
4 74 0.0541 0 0 0.0000 2 40 0.0500 
1 78 0.0128 0.50 1 40 0.0250 0.31 0 0 0.0000 0.67 
3 78 0.0385 0 0 0.0000 0 0 0.0000 
9 78 0.1154 2 40 0.0500 5 34 0.1471 
0 0 0.0000 33 40 0.8250 3 34 0.0882 
53 78 0.6795 4 40 0.1000 15 34 0.4412 
12 78 0.1538 0 0 0.0000 11 34 0.3235 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
20 78 0.2564 0.38 33 40 0.8250 0.29 17 40 0.4250 0.49 
58 78 0.7436 7 40 0.1750 23 40 0.5750 
65 78 0.8333 0.29 38 40 0.9500 0.10 39 40 0.9750 0.05 
3 78 0.0385 1 40 0.0250 0 0 0.0000 
3 78 0.0385 1 40 0.0250 0 0 0.0000 
7 78 0.0897 0 0 0.0000 1 40 0.0250 
40 78 0.5128 0.50 4 40 0.1000 0.18 21 40 0.5250 0.50 
38 78 0.4872 36 40 0.9000 19 40 0.4750 
4 74 0.0541 0.57 6 40 0.1500 0.64 3 38 0.0789 0.55 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
0 0 0.0000 6 40 0.1500 0 0 0.0000 
2 74 0.0270 0 0 0.0000 0 0 0.0000 
30 74 0.4054 22 40 0.5500 21 38 0.5526 
38 74 0.5135 4 40 0.1000 14 38 0.3684 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
4 72 0.0556 0.74 8 36 0.2222 0.67 2 36 0.0556 0.69 
27 72 0.3750 18 36 0.5000 17 36 0.4722 
18 72 0.2500 5 36 0.1389 6 36 0.1667 
Table Al (continued) 
Satt431 J 118.0 5 7 
Satt431 J 118.0 6 1 
Satt431 J 118.0 7 9 
Satt431 J 118.0 8 12 
Satt539 K 4.3 1 32 
Satt539 K 4.3 2 42 
Satt539 K 4.3 3 2 
Satt539 K 4.3 4 0 
Sat_087 K 7.3 1 0 
Sat_087 K 7.3 2 0 
Sat_087 K 7.3 3 6 
Sat_087 K 7.3 4 4 
Sat_087 K 7.3 5 2 
Sat_087 K 7.3 6 4 
Sat_087 K 7.3 7 11 
Sat_087 K 7.3 8 2 
Sat_087 K 7.3 9 2 
Sat_087 K 7.3 10 0 
Sat_087 K 7.3 11 0 
Sat_087 K 7.3 12 6 
Sat_087 K 7.3 13 0 
Sat_087 K 7.3 14 6 
Sat_087 K 7.3 15 13 
Sat_087 K 7.3 16 16 
Sat_087 K 7.3 17 0 
Sat_087 K 7.3 18 0 
Sat_119 K 20.3 1 10 
Sat_119 K 20.3 2 0 
Sat_119 K 20.3 3 1 
Sat_119 K 20.3 4 4 
Sat_l 19 K 20.3 5 6 
Sat_l 19 K 20.3 6 4 
Sat_l 19 K 20.3 7 6 
Sat_119 K 20.3 8 4 
Sat_l 19 K 20.3 9 12 
Sat_119 K 20.3 10 25 
Sat_l 19 K 20.3 11 6 
Sat_119 K 20.3 12 2 
Sat_119 K 20.3 13 0 
Sat_H9 K 20.3 14 0 
Sattl 78 K 55.1 1 53 
0.0897 8 150 0.0533 
'0.0128 1 150 0.0067 
0.1154 23 150 0.1533 
0.1538 20 150 0.1333 
0.4211 0.52 74 152 0.4868 0.53 
0.5526 74 152 0.4868 
0.0263 2 152 0.0132 
0.0000 2 152 0.0132 
0.0000 0.87 1 150 0.0067 0.86 
0.0000 0 0 0.0000 
0.0833 7 150 0.0467 
0.0556 4 150 0.0267 
0.0278 2 150 0.0133 
0.0556 4 150 0.0267 
0.1528 26 150 0.1733 
0.0278 2 150 0.0133 
0.0278 2 150 0.0133 
0.0000 12 150 0.0800 
0.0000 5 150 0.0333 
0.0833 18 150 0.1200 
0.0000 0 0 0.0000 
0.0833 12 150 0.0800 
0.1806 37 150 0.2467 
0.2222 18 150 0.1200 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.1250 0.84 10 158 0.0633 0.87 
0.0000 1 158 0.0063 
0.0125 1 158 0.0063 
0.0500 4 158 0.0253 
0.0750 28 158 0.1772 
0.0500 6 158 0.0380 
0.0750 8 158 0.0506 
0.0500 20 158 0.1266 
0.1500 24 158 0.1519 
0.3125 27 158 0.1709 
0.0750 21 158 0.1329 
0.0250 6 158 0.0380 
0.0000 0 0 0.0000 
0.0000 2 158 0.0127 










































1 72 0.0139 4 36 0.1111 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
14 72 0.1944 0 0 0.0000 8 36 0.2222 
8 72 0.1111 1 36 0.0278 3 36 0.0833 
42 76 0.5526 0.52 9 28 0.3214 0.44 14 32 0.4375 0.49 
32 76 0.4211 19 28 0.6786 18 32 0.5625 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 76 0.0263 0 0 0.0000 0 0 0.0000 
1 78 0.0128 0.81 0 0 0.0000 0.85 0 0 0.0000 0.82 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 78 0.0128 2 38 0.0526 0 0 0.0000 
0 0 0.0000 2 38 0.0526 1 40 0.0250 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
0 0 0.0000 0 0 0.0000 2 40 0.0500 
15 78 0.1923 6 38 0.1579 10 40 0.2500 
0 0 0.0000 2 38 0.0526 2 40 0.0500 
0 0 0.0000 0 0 0.0000 2 40 0.0500 
12 78 0.1538 0 0 0.0000 8 40 0.2000 
5 78 0.0641 0 0 0.0000 2 40 0.0500 
12 78 0.1538 6 38 0.1579 1 40 0.0250 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
6 78 0.0769 0 0 0.0000 10 40 0.2500 
24 78 0.3077 4 38 0.1053 2 40 0.0500 
2 78 0.0256 10 38 0.2632 0 0 0.0000 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.81 2 38 0.0526 0.84 0 0 0.0000 0.79 
1 78 0.0128 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
22 78 0.2821 4 38 0.1053 12 38 0.3158 
2 78 0.0256 4 38 0.1053 2 38 0.0526 
2 78 0.0256 4 38 0.1053 2 38 0.0526 
16 78 0.2051 5 38 0.1316 8 38 0.2105 
12 78 0.1538 10 38 0.2632 8 38 0.2105 
2 78 0.0256 7 38 0.1842 2 38 0.0526 
15 78 0.1923 2 38 0.0526 0 0 0.0000 
4 78 0.0513 0 0 0.0000 4 38 0.1053 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 78 0.0256 0 0 0.0000 0 0 0.0000 
70 76 0.9211 0.15 22 40 0.5500 0.60 35 40 0.8750 0.23 
Table Al (continued) 
Sattl78 K 55.1 2 2 
Sattl78 K 55.1 3 8 
Sattl78 K 55.1 4 12 
Sattl78 K 55.1 5 1 
Sattl 78 K 55.1 6 2 
Satt544 K 72.8 1 24 
Satt544 K 72.8 3 7 
Satt544 K 72.8 4 14 
Satt544 K 72.8 5 8 
Satt544 K 72.8 6 12 
Satt544 K 72.8 7 2 
Satt544 K 72.8 8 13 
Satt559 K 85.2 1 0 
Satt559 K 85.2 3 0 
Satt559 K 85.2 4 0 
Satt559 K 85.2 5 1 
Satt559 K 85.2 6 0 
Satt559 K 85.2 7 0 
Satt559 K 85.2 8 10 
Satt559 K 85.2 9 17 
Satt559 K 85.2 10 1 
Satt559 K 85.2 13 2 
Satt559 K 85.2 14 22 
Satt559 K 85.2 15 8 
Satt559 K 85.2 16 0 
Satt559 K 85.2 17 1 
Satt559 K 85.2 18 0 
Satt559 K 85.2 19 7 
Satt559 K 85.2 20 2 
Satt559 K 85.2 21 0 
Satt559 K 85.2 22 5 
Satt559 K 85.2 24 0 
Satt559 K 85.2 25 0 
Satt559 K 85.2 26 0 
Satt559 K 85.2 28 0 
Satt559 K 85.2 29 1 
Satt559 K 85.2 30 3 
Satt273 K 120.0 1 23 
Satt273 K 120.0 2 10 
Satt273 K 120.0 3 8 
Satt273 K 120.0 4 4 
0.0256 4 154 0.0260 
0.1026 10 154 0.0649 
0.1538 14 154 0.0909 
0.0128 1 154 0.0065 
0.0256 2 154 0.0130 
•0.3000 0.81 70 158 0.4430 0.71 
0.0875 9 158 0.0570 
0.1750 42 158 0.2658 
0.1000 8 158 0.0506 
0.1500 12 158 0.0759 
0.0250 4 158 0.0253 
0.1625 13 158 0.0823 
0.0000 0.84 0 0 0.0000 0.82 
0.0000 1 158 0.0063 
0.0000 0 0 0.0000 
0.0125 1 158 0.0063 
0.0000 1 158 0.0063 
0.0000 1 158 0.0063 
0.1250 12 158 0.0759 
0.2125 53 158 0.3354 
0.0125 1 158 0.0063 
0.0250 2 158 0.0127 
0.2750 25 158 0.1582 
0.1000 8 158 0.0506 
0.0000 0 0 0.0000 
0.0125 1 158 0.0063 
0.0000 0 0 0.0000 
0.0875 7 158 0.0443 
0.0250 11 158 0.0696 
0.0000 2 158 0.0127 
0.0625 23 158 0.1456 
0.0000 3 158 0.0190 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 2 158 0.0127 
0.0125 1 158 0.0063 
0.0375 3 158 0.0190 
0.3286 0.78 48 146 0.3288 0.75 
0.1429 12 146 0.0822 
0.1143 16 146 0.1096 










































2 76 0.0263 0 0 0.0000 0 0 0.0000 
2 76 0.0263 8 40 0.2000 3 40 0.0750 
2 76 0.0263 10 40 0.2500 2 40 0.0500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
46 78 0.5897 0.52 25 40 0.6250 0.57 30 40 0.7500 0.42 
2 78 0.0256 4 40 0.1000 2 40 0.0500 
28 78 0.3590 4 40 0.1000 4 40 0.1000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
0 0 0.0000 5 40 0.1250 2 40 0.0500 
2 78 0.0256 0 0 0.0000 2 40 0.0500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.71 0 0 0.0000 0.70 0 0 0.0000 0.75 
1 78 0.0128 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 78 0.0128 0 0 0.0000 0 0 0.0000 
1 78 0.0128 0 0 0.0000 0 0 0.0000 
2 78 0.0256 5 38 0.1316 0 0 0.0000 
36 78 0.4615 4 38 0.1053 14 38 0.3684 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 78 0.0385 19 38 0.5000 10 38 0.2632 
0 0 0.0000 5 38 0.1316 0 0 0.0000 
0 0 0.0000 0 0 0.0000 1 38 0.0263 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 3 38 0.0789 2 38 0.0526 
9 78 0.1154 0 0 0.0000 4 38 0.1053 
2 78 0.0256 0 0 0.0000 0 0 0.0000 
18 78 0.2308 0 0 0.0000 7 38 0.1842 
3 78 0.0385 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
2 78 0.0256 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
25 76 0.3289 0.70 14 38 0.3684 0.68 8 36 0.2222 0.65 
2 76 0.0263 2 38 0.0526 0 0 0.0000 
8 76 0.1053 2 38 0.0526 0 0 0.0000 
2 76 0.0263 0 0 0.0000 8 36 0.2222 
Table Al (continued) 
Satt273 K 120.0 5 3 
Satt273 K 120.0 6 18 
Satt273 K 120.0 7 4 
Satt260 K 145.1 1 37 
Satt260 K 145.1 2 4 
Satt260 K 145.1 3 13 
Satt260 K 145.1 4 26 
Satt260 K 145.1 5 0 
Sattl 96 K 164.8 1 3 
Sattl 96 K 164.8 2 2 
Sattl 96 K 164.8 3 53 
Sattl 96 K 164.8 5 22 
Satt588 K 184.6 1 0 
Satt588 K 184.6 2 27 
Satt588 K 184.6 3 3 
Satt588 K 184.6 4 2 
Satt588 K 184.6 5 12 
Satt588 K 184.6 6 2 
Satt588 K 184.6 7 23 
Satt588 K 184.6 8 9 
Satt495 L 4.5 1 18 
Satt495 L 4.5 2 58 
Sattl 43 L 31.8 1 1 
Sattl43 L 31.8 2 22 
Sattl43 L 31.8 3 2 
Sattl 43 L 31.8 4 14 
Sattl 43 L 31.8 5 39 
Satt523 L 32.4 1 0 
Satt523 L 32.4 4 28 
Satt523 L 32.4 5 34 
Satt523 L 32.4 6 14 
Satt523 L 32.4 8 0 
Satt462 L 49.3 1 2 
Satt462 L 49.3 2 2 
Satt462 L 49.3 3 6 
Satt462 L 49.3 4 32 
Satt462 L 49.3 5 2 
Satt462 L 49.3 6 4 
Satt462 L 49.3 7 2 
Satt462 L 49.3 8 14 
Satt462 L 49.3 9 4 
0.0429 11 146 0.0753 
0.2571 49 146 0.3356 
0.0571 4 146 0.0274 
0.4625 0.65 80 158 0.5063 0.63 
0.0500 4 158 0.0253 
0.1625 46 158 0.2911 
0.3250 28 158 0.1772 
0.0000 0 0 0.0000 
0.0375 0.48 3 158 0.0190 0.50 
0.0250 2 158 0.0127 
0.6625 97 158 0.6139 
0.2750 56 158 0.3544 
0.0000 0.75 0 0 0.0000 0.71 
0.3462 62 154 0.4026 
0.0385 3 154 0.0195 
0.0256 5 154 0.032-5 
0.1538 26 154 0.1688 
0.0256 2 154 0.0130 
0.2949 47 154 0.3052 
0.1154 9 154 0.0584 
0.2368 0.36 47 150 0.3133 0.43 
0.7632 103 150 0.6867 
0.0128 0.64 1 152 0.0066 0.74 
0.2821 22 152 0.1447 
0.0256 40 152 0.2632 
0.1795 50 152 0.3289 
0.5000 39 152 0.2566 
0.0000 0.63 0 0 0.0000 0.52 
0.3684 99 152 0.6513 
0.4474 34 152 0.2237 
0.1842 14 152 0.0921 
0.0000 5 152 0.0329 
0.0263 0.77 2 150 0.0133 0.75 
0.0263 2 150 0.0133 
0.0789 6 150 0.0400 
0.4211 56 150 0.3733 
0.0263 19 150 0.1267 
0.0526 8 150 0.0533 
0.0263 2 150 0.0133 
0.1842 43 150 0.2867 










































8 76 0.1053 2 38 0.0526 2 36 0.0556 
31 76 0.4079 16 38 0.4211 18 36 0.5000 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
43 78 0.5513 0.52 25 36 0.6944 0.47 14 40 0.3500 0.49 
0 0 0.0000 1 36 0.0278 0 0 0.0000 
33 78 0.4231 3 36 0.0833 25 40 0.6250 
2 78 0.0256 7 36 0.1944 1 40 0.0250 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.49 1 40 0.0250 0.26 0 0 0.0000 0.27 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
44 78 0.5641 34 40 0.8500 32 38 0.8421 
34 78 0.4359 5 40 0.1250 6 38 0.1579 
0 0 0.0000 0.65 1 38 0.0263 0.57 0 0 0.0000 0.39 
35 76 0.4605 21 38 0.5526 29 38 0.7632 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 76 0.0395 1 38 0.0263 0 0 0.0000 
14 76 0.1842 0 0 0.0000 5 38 0.1316 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
24 76 0.3158 13 38 0.3421 4 38 0.1053 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
29 74 0.3919 0.48 10 36 0.2778 0.40 17 40 0.4250 0.49 
45 74 0.6081 26 36 0.7222 23 40 0.5750 
0 0 0.0000 0.50 0 0 0.0000 0.63 0 0 0.0000 0.61 
0 0 0.0000 18 40 0.4500 1 40 0.0250 
38 74 0.5135 3 40 0.0750 18 40 0.4500 
36 74 0.4865 3 40 0.0750 17 40 0.4250 
0 0 0.0000 16 40 0.4000 4 40 0.1000 
0 0 0.0000 0.12 0 0 0.0000 0.65 0 0 0.0000 0.18 
71 76 0.9342 17 38 0.4474 36 40 0.9000 
0 0 0.0000 10 38 0.2632 4 40 0.1000 
0 0 0.0000 11 38 0.2895 0 0 0.0000 
5 76 0.0658 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.69 2 40 0.0500 0.79 0 0 0.0000 0.53 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
24 74 0.3243 9 40 0.2250 6 40 0.1500 
17 74 0.2297 0 0 0.0000 3 40 0.0750 
4 74 0.0541 4 40 0.1000 5 40 0.1250 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
29 74 0.3919 14 40 0.3500 26 40 0.6500 
0 0 0.0000 4 40 0.1000 0 0 0.0000 
Table Al (continued) 
Satt462 L 49.3 10 6 
Satt462 L 49.3 11 0 
Satt462 L 49.3 12 2 
Sattl 56 L 65.8 1 17 
Sattl 56 L 65.8 2 2 
Sattl56 L 65.8 3 2 
Sattl56 L 65.8 4 57 
Sattl56 L 65.8 5 2 
Sat_099 L 89.4 1 17 
Sat_099 L 89.4 2 24 
Sat_099 L 89.4 3 10 
Sat_099 L 89.4 4 9 
Sat_099 L 89.4 5 4 
Sat_099 L 89.4 6 8 
Sat_099 L 89.4 7 4 
Sat_099 L 89.4 8 2 
Satt373 L 118.0 1 4 
Satt373 L 118.0 2 4 
Satt373 L 118.0 3 2 
Satt373 L 118.0 4 4 
Satt373 L 118.0 5 2 
Satt373 L 118.0 6 39 
Satt373 L 118.0 7 13 
Satt373 L 118.0 8 2 
Satt373 L 118.0 9 4 
Satt513 L 118.6 1 0 
Satt5l3 L 118.6 2 47 
Satt513 L 118.6 3 1 
Satt513 L 118.6 4 2 
Satt513 L 118.6 5 2 
Satt513 L 118.6 7 0 
Satt513 L 118.6 8 28 
Satt590 M 12.4 1 12 
Satt590 M 12.4 2 3 
Satt590 M 12.4 3 7 
Satt590 M 12.4 4 13 
Satt590 M 12.4 5 10 
Satt590 M 12.4 6 9 
Satt590 M 12.4 7 2 
Satt590 M 12.4 8 2 
Satt590 M 12.4 9 20 
0.0789 6 150 0.0400 
0.0000 0 0 0.0000 
0.0263 2 150 0.0133 
0.2125 0.45 17 158 0.1076 0.29 
0.0250 2 158 0.0127 
0.0250 3 158 0.0190 
0.7125 132 158 0.8354 
0.0250 4 158 0.0253 
0.2179 0.81 71 150 0.4733 0.70 
0.3077 38 150 0.2533 
0.1282 12 150 0.0800 
0.1154 9 150 0.0600 
0.0513 4 150 0.0267 
0.1026 10 150 0.0667 
0.0513 4 150 0.0267 
0.0256 2 150 0.0133 
0.0541 0.68 14 150 0.0933 0.57 
0.0541 6 150 0.0400 
0.0270 2 150 0.0133 
0.0541 4 150 0.0267 
0.0270 2 150 0.0133 
0.5270 95 150 0.6333 
0.1757 14 150 0.0933 
0.0270 2 150 0.0133 
0.0541 11 150 0.0733 
0.0000 0.53 2 158 0.0127 0.49 
0.5875 106 158 0.6709 
0.0125 1 158 0.0063 
0.0250 2 158 0.0127 
0.0250 2 158 0.0127 
0.0000 7 158 0.0443 
0.3500 38 158 0.2405 
0.1500 0.85 12 158 0.0759 0.82 
0.0375 3 158 0.0190 
0.0875 10 158 0.0633 
0.1625 16 158 0.1013 
0.1250 29 158 0.1835 
0.1125 49 158 0.3101 
0.0250 6 158 0.0380 
0.0250 2 158 0.0127 










































0 0 0.0000 3 40 0.0750 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
0 0 0.0000 0.07 7 40 0.1750 0.50 0 0 0.0000 O.OO 
0 0 0.0000 3 40 0.0750 0 0 0.0000 
1 78 0.0128 0 0 0.0000 0 0 0.0000 
75 78 0.9615 27 40 0.6750 40 40 1.0000 
2 78 0.0256 3 40 0.0750 0 0 0.0000 
54 72 0.7500 0.40 12 40 0.3000 0.78 33 38 0.8684 0.23 
14 72 0.1944 10 40 0.2500 4 38 0.1053 
2 72 0.0278 10 40 0.2500 0 0 0.0000 
0 0 0.0000 2 40 0.0500 1 38 0.0263 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
2 72 0.0278 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
10 76 0.1316 0.43 5 40 0.1250 0.61 16 40 0.4000 0.48 
2 76 0.0263 2 40 0.0500 0 0 0.0000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 40 0.0250 0 0 0.0000 
56 76 0.7368 24 40 0.6000 24 40 0.6000 
1 76 0.0132 4 40 0.1000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
7 76 0.0921 2 40 0.0500 0 0 0.0000 
2 78 0.0256 0.40 0 0 0.0000 0.53 1 40 0.0250 0.51 
59 78 0.7564 24 38 0.6316 27 40 0.6750 
0 0 0.0000 2 38 0.0526 1 40 0.0250 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 38 0.0526 1 40 0.0250 
7 78 0.0897 0 0 0.0000 6 40 0.1500 
10 78 0.1282 10 38 0.2632 4 40 0.1000 
0 0 0.0000 0.66 2 38 0.0526 0.76 1 38 0.0263 0.62 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 78 0.0385 0 0 0.0000 0 0 0.0000 
3 78 0.0385 7 38 0.1842 0 0 0.0000 
19 78 0.2436 12 38 0.3158 7 38 0.1842 
40 78 0.5128 1 38 0.0263 21 38 0.5526 
4 78 0.0513 2 38 0.0526 2 38 0.0526 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
7 78 0.0897 12 38 0.3158 7 38 0.1842 
Table Al (continued) 
Satt590 M 12.4 
Satt567 M 41.0 
Satt567 M 41.0 
Satt567 M 41.0 
Satt540 M 45.5 
Satt540 M 45.5 
Satt540 M 45.5 
Satt540 M 45.5 
Satt540 M 45.5 
Satt540 M 45.5 
Satt540 M 45.5 
Satt540 M 45.5 
Satt323 M 77.6 
Satt323 M 77.6 
Satt323 M 77.6 
Satt323 M 77.6 
Satt323 M 77.6 
Satt323 M 77.6 
Satt323 M 77.6 
Satt323 M 77.6 
Satt323 M 77.6 
Sattl75 M 91.1 
Sattl75 M 91.1 
Sattl 75 M 91.1 
Sattl75 M 91.1 
Sattl 75 M 91.1 
Sattl75 M 91.1 
Satt306 M 106.0 
Satt306 M 106.0 
Satt306 M 106.0 
Satt306 M 106.0 
Sat_121 M 131.7 
Sat_121 M 131.7 
Sat_121 M 131.7 
Sat_121 M 131.7 
Sat_121 M 131.7 
Sat_121 M 131.7 
Sat_121 M 131.7 
Sat_121 M 131.7 
Sat_121 M 131.7 
Sat_121 M 131.7 
10 2 80 0.0250 4 158 0.0253 
1 14 80 0.1750 0.42 54 158 0.3418 0.50 
2 59 80 0.7375 97 158 0.6139 
3 7 80 0.0875 7 158 0.0443 
1 7 74 0.0946 0.69 7 142 0.0493 0.77 
2 1 74 0.0135 21 142 0.1479 
3 0 0 0.0000 0 0 0.0000 
4 18 74 0.2432 36 142 0.2535 
5 9 74 0.1216 35 142 0.2465 
6 35 74 0.4730 39 142 0.2746 
7 1 74 0.0135 1 142 0.0070 
8 3 74 0.0405 3 142 0.0211 
3 24 66 0.3636 0.72 63 140 0.4500 0.68 
4 1 66 0.0152 1 140 0.0071 
5 20 66 0.3030 30 140 0.2143 
6 1 66 0.0152 2 140 0.0143 
7 2 66 0.0303 2 140 0.0143 
8 16 66 0.2424 38 140 0.2714 
9 1 66 •0.0152 3 140 0.0214 
10 1 66 0.0152 1 140 0.0071 
11 0 0 0.0000 0 0 0.0000 
3 7 76 0.0921 0.66 16 152 0.1053 0.72 
4 22 76 0.2895 55 152 0.3618 
5 4 76 0.0526 6 152 0.0395 
6 37 76 0.4868 52 152 0.3421 
7 2 76 0.0263 19 152 0.1250 
8 4 76 0.0526 4 152 0.0263 
3 2 80 0.0250 0.30 2 158 0.0127 0.20 
4 66 80 0.8250 140 158 0.8861 
5 12 80 0.1500 16 158 0.1013 
6 0 0 0.0000 0 0 0.0000 
1 2 76 0.0263 0.85 2 150 0.0133 0.86 
3 10 76 0.1316 10 150 0.0667 
4 2 76 0.0263 2 150 0.0133 
5 2 76 0.0263 2 150 0.0133 
6 2 76 0.0263 10 150 0.0667 
7 4 76 0.0526 32 150 0.2133 
8 7 76 0.0921 25 150 0.1667 
9 2 76 0.0263 6 150 0.0400 
10 18 76 0.2368 30 150 0.2000 
11 12 76 0.1579 16 150 0.1067 
2 78 0.0256 2 38 0.0526 0 0 0.0000 
40 78 0.5128 0.50 6 40 0.1500 0.37 16 40 0.4000 0.51 
38 78 0.4872 31 40 0.7750 23 40 0.5750 
0 0 0.0000 3 40 0.0750 1 40 0.0250 
0 0 0.0000 0.69 1 36 0.0278 0.64 0 0 0.0000 0.69 
20 68 0.2941 0 0 0.0000 8 40 0.2000 
0 0 0.0000 2 36 0.0556 0 0 0.0000 
18 68 0.2647 5 36 0.1389 7 40 0.1750 
26 68 0.3824 6 36 0.1667 19 40 0.4750 
4 68 0.0588 20 36 0.5556 4 40 0.1000 
0 0 0.0000 0 0 0.0000 2 40 0.0500 
0 0 0.0000 2 36 0.0556 0 0 0.0000 
39 74 0.5270 0.61 19 38 0.5000 0.62 22 40 0.5500 0.59 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
10 74 0.1351 9 38 0.2368 6 40 0.1500 
1 74 0.0135 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
22 74 0.2973 10 38 0.2632 12 40 0.3000 
2 74 0.0270 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
9 76 0.1184 0.71 4 36 0.1111 0.61 3 40 0.0750 0.67 
33 76 0.4342 14 36 0.3889 20 40 0.5000 
2 76 0.0263 0 0 0.0000 2 40 0.0500 
15 76 0.1974 17 36 0.4722 7 40 0.1750 
17 76 0.2237 0 0 0.0000 8 40 0.2000 
0 0 0.0000 1 36 0.0278 0 0 0.0000 
0 0 0.0000 0.10 0 0 0.0000 0.36 0 0 0.0000 0.10 
74 78 0.9487 28 36 0.7778 38 40 0.9500 
4 78 0.0513 6 36 0.1667 2 40 0.0500 
0 0 0.0000 2 36 0.0556 0 0 0.0000 
0 0 0.0000 0.75 0 0 0.0000 0.84 0 0 0.0000 0.67 
0 0 0.0000 10 36 0.2778 0 0 0.0000 
0 0 0.0000 2 36 0.0556 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 74 0.1081 0 0 0.0000 6 36 0.1667 
28 74 0.3784 2 36 0.0556 17 36 0.4722 
18 74 0.2432 4 36 0.1111 10 36 0.2778 
4 74 0.0541 4 36 0.1111 0 0 0.0000 
12 74 0.1622 7 36 0.1944 3 36 0.0833 
4 74 0.0541 1 36 0.0278 0 0 0.0000 
Table Al (continued) 
Sat_121 M 131.7 12 14 
Sat_121 M 131.7 13 1 
Sat_121 M 131.7 14 0 
Satt210 M 152.6 1 22 
Satt210 M 152.6 2 4 
Satt210 M 152.6 3 12 
Satt210 M 152.6 4 37 
SataiO M 152.6 5 5 
Satt336 M 173.5 1 9 
Satt336 M 173.5 2 59 
Satt336 M 173.5 3 12 
Sattl 52 N 16.3 1 12 
Sattl 52 N 16.3 2 1 
Sattl 52 N 16.3 3 28 
Sattl52 N 16.3 4 18 
Sattl 52 N 16.3 5 2 
Sattl52 N 16.3 6 3 
Sattl 52 N 16.3 7 2 
Sattl 52 N 16.3 8 0 
Sattl 52 N 16.3 9 0 
Sattl 52 N 16.3 10 14 
Sattl 52 N 16.3 11 0 
Satt584 N 35.4 1 24 
Satt584 N 35.4 2 6 
Satt584 N 35.4 3 0 
Satt584 N 35.4 4 3 
Satt584 N 35.4 5 39 
Satt485 N 36.3 2 33 
Satt485 N 36.3 5 39 
Satt485 N 36.3 6 0 
Satt387 N 61.2 1 8 
Satt387 N 612 2 47 
Satt387 N 61.2 3 22 
Satt387 N 61.2 4 1 
Satt521 N 75.2 1 2 
Satt521 N 75.2 2 22 
Satt521 N 75.2 3 26 
Satt521 N 75.2 4 6 
Satt521 N 75.2 5 14 
Sat_091 N 95.5 1 12 
Sat_091 N 95.5 2 34 
0.1842 14 150 0.0933 
0.0132 1 150 0.0067 
0.0000 0 0 0.0000 
0.2750 0.68 49 158 0.3101 0.65 
0.0500 15 158 0.0949 
0.1500 12 158 0.0759 
0.4625 77 158 0.4873 
0.0625 5 158 0.0316 
0.1125 0.42 11 158 0.0696 0.38 
0.7375 121 158 0.7658 
0.1500 26 158 0,1646 
0.1500 0.77 12 152 0.0789 0.74 
0.0125 1 152 0.0066 
0.3500 62 152 0.4079 
0.2250 30 152 0.1974 
0.0250 2 152 0.0132 
0.0375 3 152 0.0197 
0.0250 2 152 0.0132 
0.0000 8 152 0.0526 
0.0000 0 0 o.'oooo 
0.1750 31 152 0.2039 
0.0000 1 152 0.0066 
0.3333 0.59 71 150 0.4733 0.60 
0.0833 12 150 0.0800 
0.0000 2 150 0.0133 
0.0417 3 150 0.0200 
0.5417 62 150 0.4133 
0.4583 0.50 84 146 0.5753 0.49 
0.5417 62 146 0.4247 
0.0000 0 0 0.0000 
0.1026 0.55 8 150 0.0533 0.52 
0.6026 89 150 0.5933 
0.2821 52 150 0.3467 
0.0128 1 150 0.0067 
0.0286 0.72 3 148 0.0203 0.67 
0.3143 24 148 0.1622 
0.3714 51 148 0.3446 
0.0857 6 148 0.0405 
0.2000 64 148 0.4324 
0.1714 0.70 30 148 0.2027 0.78 










































0 0 0.0000 2 36 0.0556 0 0 0.0000 
0 0 0.0000 4 36 0.1111 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
27 78 0.3462 0.60 12 40 0.3000 0.66 16 40 0.4000 0.56 
11 78 0.1410 1 40 0.0250 3 40 0.0750 
0 0 0.0000 5 40 0.1250 0 0 0.0000 
40 78 0.5128 19 40 0.4750 21 40 0.5250 
0 0 0.0000 3 40 0.0750 0 0 0.0000 
2 78 0.0256 0.34 0 0 0.0000 0.28 0 0 0.0000 0.14 
62 78 0.7949 30 36 0.8333 37 40 0.9250 
14 78 0.1795 6 36 0.1667 3 40 0.0750 
0 0 0.0000 0.68 6 38 0.1579 0.74 0 0 0.0000 0.40 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
34 72 0.4722 16 38 0.4211 29 38 0.7632 
12 72 0.1667 7 38 0.1842 3 38 0.0789 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 4 38 0.1053 0 0 0.0000 
8 72 0.1111 0 0 0.0000 2 38 0.0526 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
17 72 0.2361 5 38 0.1316 4 38 0.1053 
1 72 0.0139 0 0 0.0000 0 0 0.0000 
47 78 0.6026 0.54 3 26 0.1154 0.59 27 40 0.6750 0.47 
6 78 0.0769 6 26 0.2308 2 40 0.0500 
2 78 0.0256 2 26 0.0769 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
23 78 0.2949 15 26 0.5769 11 40 0.2750 
51 74 0.6892 0.43 19 38 0.5000 0.50 30 40 0.7500 0.38 
23 74 0.3108 19 38 0.5000 10 40 0.2500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.49 1 34 0.0294 0.62 0 0 0.0000 0.35 
42 72 0.5833 15 34 0.4412 31 40 0.7750 
30 72 0.4167 14 34 0.4118 9 40 0.2250 
0 0 0.0000 4 34 0.1176 0 0 0.0000 
1 78 0.0128 0.49 2 38 0.0526 0.71 1 40 0.0250 0.47 
2 78 0.0256 11 38 0.2895 0 0 0.0000 
25 78 0.3205 16 38 0.4211 13 40 0.3250 
0 0 0.0000 5 38 0.1316 0 0 0.0000 
50 78 0.6410 4 38 0.1053 26 40 0.6500 
18 78 0.2308 0.67 12 40 0.3000 0.77 9 38 0.2368 0.69 
2 78 0.0256 12 40 0.3000 0 0 0.0000 
Table Al (continued) 
Sat_091 N 95.5 3 5 70 0.0714 35 148 0.2365 
Sat_091 N 95.5 4 8 70 0.1143 36 148 0.2432 
Sat_091 N 95.5 5 2 70 0.0286 2 148 0.0135 
Sat_091 N 95.5 6 9 70 0.1286 9 148 0.0608 
Satt358 0 2.4 1 34 80 0.4250 0.64 38 152 0.2500 0.68 
Satt358 0 2.4 2 32 80 0.4000 67 152 0.4408 
Satt358 0 2.4 3 0 0 0.0000 3 152 0.0197 
Satt358 0 2.4 4 3 80 0.0375 3 152 0.0197 
Satt358 0 2.4 5 9 80 0.1125 39 152 0.2566 
Satt358 0 2.4 6 2 80 0.0250 2 152 0.0132 
Satt487 0 5.7 1 16 78 0.2051 0.74 17 154 0.1104 0.78 
Satt487 0 5.7 2 2 78 0.0256 2 154 0.0130 
Satt487 0 5.7 3 10 78 0.1282 49 154 0.3182 
Satt487 0 5.7 4 24 78 0.3077 30 154 0.1948 
Satt487 0 5.7 5 1 78 0.0128 29 154 0.1883 
Satt487 0 5.7 6 25 78 0.3205 27 154 0.1753 
SattSOO 0 10.9 1 0 0 0.0000 0.26 6 142 0.0423 0.59 
SattSOO 0 10.9 2 56 66 0.8485 86 142 0.6056 
SattSOO 0 10.9 3 2 66 0.0303 2 142 0.0141 
SattSOO 0 10.9 4 0 0 0.0000 25 142 0.1761 
SattSOO 0 10.9 5 8 66 0.1212 8 142 0.0563 
SattSOO 0 10.9 6 0 0 0.0000 15 142 0.1056 
Satt445 0 25.0 1 8 80 0.1000 0.86 24 158 0.1519 0.87 
Satt44S 0 25.0 2 18 80 0.2250 23 158 0.1456 
Satt44S 0 25.0 6 1 80 0.0125 1 158 0.0063 
Satt44S o 25.0 7 3 80 0.0375 3 158 0.0190 
Satt44S 0 25.0 8 12 80 .0.1500 30 158 0.1899 
Satt445 0 25.0 9 1 80 0.0125 5 158 0.0316 
Satt445 0 25.0 11 2 80 0.0250 2 158 0.0127 
Satt44S 0 25.0 12 6 80 0.0750 19 158 0.1203 
Satt44S 0 25.0 13 16 80 0.2000 20 158 0.1266 
Satt445 0 25.0 14 1 80 0.0125 1 158 0.0063 
Satt445 0 25.0 15 2 80 0.0250 2 158 0.0127 
Satt44S 0 25.0 16 7 80 0.0875 21 158 0.1329 
Satt44S 0 25.0 17 1 80 0.0125 5 158 0.0316 
Satt44S 0 25.0 18 2 80 0.0250 2 158 0.0127 
Satt2S9 0 37.7 1 10 80 0.1250 0.63 30 158 0.1899 0.74 
Satt259 0 37.7 2 36 80 0.4500 45 158 0.2848 
Satt2S9 0 37.7 3 3 80 0.0375 36 158 0.2278 
Satt2S9 0 37.7 4 31 80 0.3875 47 158 0.2975 
Satt479 0 68.4 1 28 78 0.3590 0.67 61 156 0.3910 0.67 
30 78 0.3846 4 40 0.1000 13 38 0.3421 
28 78 0.3590 8 40 0.2000 14 38 0.3684 
0 0 0.0000 2 40 0.0500 2 38 0.0526 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
4 72 0.0556 0.59 15 38 0.3947 0.71 5 38 0.1316 0.61 
35 72 0.4861 12 38 0.3158 21 38 0.5526 
3 72 0.0417 2 38 0.0526 2 38 0.0526 
0 0 0.0000 1 38 0.0263 0 0 0.0000 
30 72 0.4167 6 38 0.1579 10 38 0.2632 
0 0 0.0000 2 38 0.0526 0 0 0.0000 
1 76 0.0132 0.59 4 40 0.1000 0.69 1 40 0.0250 0.60 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
39 76 0.5132 4 40 0.1000 22 40 0.5500 
6 76 0.0789 18 40 0.4500 0 0 0.0000 
28 76 0.3684 0 0 0.0000 10 40 0.2500 
2 76 0.0263 12 40 0.3000 7 40 0.1750 
6 76 0.0789 0.69 0 0 0.0000 0.30 0 0 0.0000 0.38 
30 76 0.3947 23 28 0.8214 30 40 0.7500 
0 0 0.0000 1 28 0.0357 0 0 0.0000 
25 76 0.3289 0 0 0.0000 10 40 0.2500 
0 0 0.0000 4 28 0.1429 0 0 0.0000 
15 76 0.1974 0 0 0.0000 0 0 0.0000 
16 78 0.2051 0.83 7 40 0.1750 0.86 12 38 0.3158 0.78 
5 78 0.0641 9 40 0.2250 4 38 0.1053 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
18 78 0.2308 4 40 0.1000 4 38 0.1053 
4 78 0.0513 1 40 0.0250 0 0 0.0000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
13 78 0.1667 4 40 0.1000 11 38 0.2895 
4 78 0.0513 6 40 0.1500 3 38 0.0789 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
14 78 0.1795 4 40 0.1000 4 38 0.1053 
4 78 0.0513 1 40 0.0250 0 0 0.0000 
0 0 0.0000 2 40 0.0500 0 0 0.0000 
20 78 0.2564 0.70 4 40 0.1000 0.59 11 40 0.2750 0.75 
9 78 0.1154 18 40 0.4500 11 40 0.2750 
33 78 0.4231 0 0 0.0000 10 40 0.2500 
16 78 0.2051 18 40 0.4500 8 40 0.2000 
33 78 0.4231 0.65 8 40 0.2000 0.63 10 38 0.2632 0.64 
Table Al (continued) 
Satt479 0 68.4 2 23 
Satt479 0 68.4 3 0 
Satt479 0 68.4 4 1 
Satt479 0 68.4 5 26 
Satt478 0 81.7 1 1 
Satt478 0 81.7 3 15 
Satt478 0 81.7 4 2 
Satt478 0 81.7 5 2 
Satt478 0 81.7 6 1 
Satt478 0 81.7 7 19 
Satt478 0 81.7 8 8 
Satt478 0 81.7 9 0 
Satt478 0 81.7 10 2 
Satt478 0 81.7 11 3 
Satt478 O 81.7 12 1 
Satt478 0 81.7 13 24 
Satt477 0 103.8 1 65 
Satt477 0 103.8 2 4 
Satt477 0 103.8 3 7 
Satt592 0 120.5 1 2 
Satt592 O 120.5 2 59 
Satt592 0 120.5 3 3 
Satt592 0 120.5 4 16 
Satt331 0 127.9 2 4 
Satt331 0 127.9 3 70 
Satt331 0 127.9 4 2 
Sat_038 0 153.3 1 0 
Sat_038 0 153.3 2 67 
Sat_038 0 153.3 3 4 
Sat_038 0 153.3 4 2 
Sat_038 0 153.3 5 0 
Sat_038 0 153.3 6 1 
Sat_038 0 153.3 7 0 
Sat_038 0 153.3 9 0 
Sat_038 0 153.3 14 0 
Sat_108 o 164.5 2 48 
Sat_108 0 164.5 3 0 
Sat_108 0 164.5 4 2 
Sat_108 0 164.5 5 2 
Sat_108 0 164.5 6 2 
Sat 108 0 164.5 7 16 
0.2949 52 156 0.3333 
0.0000 0 0 0.0000 
0.0128 2 156 0.0128 
0.3333 41 156 0.2628 
0.0128 0.79 19 154 0.1234 0.82 
0.1923 48 154 0.3117 
0.0256 2 154 0.0130 
0.0256 12 154 0.0779 
0.0128 1 154 0.0065 
0.2436 23 154 0.1494 
0.1026 18 154 0.1169 
0.0000 1 154 0.0065 
0.0256 2 154 0.0130 
0.0385 3 154 0.0195 
0.0128 1 154 0.0065 
0.3077 24 154 0.1558 
0.8553 0.26 115 154 0.7468 0.39 
0.0526 6 154 0.0390 
0.0921 33 154 0.2143 
0.0250 0.41 4 158 0.0253 0.45 
0.7375 110 158 0.6962 
0.0375 3 158 0.0190 
0.2000 41 158 0.2595 
0.0526 0.15 8 152 0.0526 0.12 
0.9211 142 152 0.9342 
0.0263 2 152 0.0132 
0.0000 0.18 1 146 0.0068 0.23 
0.9054 128 146 0.8767 
0.0541 6 146 0.0411 
0.0270 3 146 0.0205 
0.0000 2 146 0.0137 
0.0135 1 146 0.0068 
0.0000 1 146 0.0068 
0.0000 1 146 0.0068 
0.0000 3 146 0.0205 
0.6316 0.55 87 154 0.5649 0.57 
0.0000 4 154 0.0260 
0.0263 2 154 0.0130 
0.0263 2 154 0.0130 
0.0263 2 154 0.0130 










































29 78 0.3718 13 40 0.3250 18 38 0.4737 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 78 0.0128 0 0 0.0000 0 0 0.0000 
15 78 0.1923 19 40 0.4750 10 38 0.2632 
18 76 0.2368 0.72 0 0 0.0000 0.71 6 40 0.1500 0.71 
33 76 0.4342 6 36 0.1667 18 40 0.4500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
10 76 0.1316 1 36 0.0278 9 40 0.2250 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 76 0.0526 14 36 0.3889 2 40 0.0500 
10 76 0.1316 1 36 0.0278 5 40 0.1250 
1 76 0.0132 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 36 0.0556 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 12 36 0.3333 0 0 0.0000 
50 78 0.6410 0.48 32 36 0.8889 0.20 28 34 0.8235 0.29 
2 78 0.0256 2 36 0.0556 0 0 0.0000 
26 78 0.3333 2 36 0.0556 6 34 0.1765 
2 78 0.0256 0.47 3 40 0.0750 0.40 0 0 0.0000 0.33 
51 78 0.6538 30 40 0.7500 30 38 0.7895 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
25 78 0.3205 7 40 0.1750 8 38 0.2105 
4 76 0.0526 0.10 0 0 0.0000 0.00 2 40 0.0500 0.10 
72 76 0.9474 38 38 1.0000 38 40 0.9500 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 72 0.0139 0.28 4 40 0.1000 0.18 0 0 0.0000 O.OO 
61 72 0.8472 36 40 0.9000 40 40 1.0000 
2 72 0.0278 0 0 0.0000 0 0 0.0000 
1 72 0.0139 0 0 0.0000 0 0 0.0000 
2 72 0.0278 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 72 0.0139 0 0 0.0000 0 0 0.0000 
1 72 0.0139 0 0 0.0000 0 0 0.0000 
3 72 0.0417 0 0 0.0000 0 0 0.0000 
39 78 0.5000 0.56 30 38 0.7895 0.33 24 40 0.6000 0.55 
4 78 0.0513 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
34 78 0.4359 8 38 0.2105 12 40 0.3000 
Table Al (continued) 
Sat_108 O 164.5 8 6 76 0.0789 6 154 0.0390 0 0 0.0000 0 0 0.0000 2 40 0.0500 
Sat 108 O 164.5 11 0 0 0.0000 1 154 0.0065 1 78 0.0128 0 0 0.0000 2 40 0.0500 
t AP10F = 40 parents used to form the CO population of AP10. AP12F = 79 parents used to form the CO population of AP12. AP14F = 39 
parents used to form the CO population of API 4. AP10C0H = 20 highest-yielding CO lines used as parents to form the CI population of AP10. 
AP14C0H = 20 highest-yielding CO lines used as parents to form the CI population of AP14. 
X LG = linkage group. 
§ PIC = polymorphic index content. 
Table A2. SSR allele frequencies and polymorphic index content values in cycle four of soybean populations APIO, API2, and API4. 
APIO AP12 API 4 
C4Hf C4Lf C4H C4H C4L 
Marker LG* Position Allele Count Total Freq PIC5 Count Total • Freq PIC Count Total Freq PIC Count Total Freq PIC Count Total Freq PIC 
Satt276 A1 5.1 1 0 0 0.0000 0.59 0 0 0.0000 0.44 0 0 0.0000 0.71 0 0 0.0000 0.14 0 0 0.0000 0.00 
Satt276 A1 5.1 2 18 30 0.6000 22 30 0.7333 11 26 0.4231 24 26 0.9231 30 30 1.0000 
Satt276 A1 5.1 4 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 5 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 6 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 7 0 0 0.0000 0 0 0.0000 2 26 0.0769 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 8 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 9 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 10 2 30 0.0667 1 30 0.0333 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 11 5 30 0.1667 2 30 0.0667 4 26 0.1538 2 26 0.0769 0 0 0.0000 
Satt276 A1 5.1 12 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 13 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 14 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 15 1 30 0.0333 3 30 0.1000 2 26 0.0769 0 0 0.0000 0 0 0.0000 
Satt276 A1 5.1 16 4 30 0.1333 2 30 0.0667 7 26 0.2692 0 0 0.0000 0 0 0.0000 
Sattl 65 A1 14.6 1 0 0 0.0000 0.24 0 0 0.0000 0.38 4 26 0.1538 0.71 0 0 0.0000 0.24 0 0 0.0000 0.18 00 OO 
Sattl 65 A1 14.6 2 0 0 0.0000 6 24 0.2500 8 26 0.3077 0 0 0.0000 0 0 0.0000 
Sattl 65 A1 14.6 3 24 28 0.8571 18 24 0.7500 10 26 0.3846 2 30 0.0667 3 30 0.1000 
Sattl 65 A1 14.6 4 4 28 0.1429 0 0 0.0000 4 26 0.1538 26 30 0.8667 27 30 0.9000 
Sattl65 A1 14.6 5 0 0 0.0000 0 0 0.0000 0 0 0.0000 2 30 0.0667 0 0 0.0000 
Sattl 65 A1 14.6 6 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt364 A1 19.1 1 30 30 1.0000 0.00 30 30 1.0000 0.00 22 26 0.8462 0.26 30 30 1.0000 0.00 30 30 1.0000 0.00 
Satt364 A1 19.1 2 0 0 0.0000 0 0 0.0000 4 26 0.1538 0 0 0.0000 0 0 0.0000 
Satt364 A1 19.1 3 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Satt471 A1 19.1 1 4 30 0.1333 0.59 2 28 0.0714 0.56 12 26 0.4615 0.62 20 22 0.9091 0.17 28 30 0.9333 0.12 
Satt471 A1 19.1 2 16 30 0.5333 12 28 0.4286 10 26 0.3846 2 22 0.0909 0 0 0.0000 
Satt471 A1 19.1 3 10 30 0.3333 14 28 0.5000 4 26 0.1538 0 0 0.0000 2 30 0.0667 
Sattl 55 A1 28.5 1 0 0 0.0000 0.61 0 0 0.0000 0.67 0 0 0.0000 0.61 0 0 0.0000 0.00 2 30 0.0667 0.24 
Sattl 55 A1 28.5 2 15 30 0.5000 13 28 0.4643 12 24 0.5000 30 30 1.0000 26 30 0.8667 
Sattl55 A1 28.5 3 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Sattl55 A1 28.5 4 10 30 0.3333 0 0 0.0000 8 24 0.3333 0 0 0.0000 0 0 0.0000 
Sattl 55 A1 28.5 5 5 30 0.1667 8 28 0.2857 4 24 0.1667 0 0 0.0000 0 0 0.0000 
Sattl55 A1 28.5 6 0 0 0.0000 2 28 0.0714 0 0 0.0000 0 0 0.0000 2 30 0.0667 
SattOSO A1 44.4 1 28 30 0.9333 0.12 28 30 0.9333 0.12 26 26 1.0000 0.00 15 30 0.5000 0.56 26 28 0.9286 0.13 
SattOSO A1 44.4 2 2 30 0.0667 2 30 0.0667 0 0 0.0000 13 30 0.4333 2 28 0.0714 
SattOSO A1 44.4 3 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
SattOSO A1 44.4 4 0 0 ' 0.0000 0 0 0.0000 0 0 0.0000 2 30 0.0667 0 0 0.0000 
SattOSO A1 44.4 7 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Satt385 Al 69.9 
Satt385 Al 69.9 
Satt385 Al 69.9 
Satt385 Al 69.9 
Satt385 Al 69.9 
Satt385 Al 69.9 
Satt545 Al 75.3 
Satt545 Al 75.3 
Satt545 Al 75.3 
Satt545 Al 75.3 
Satt545 Al 75.3 
Satt545 Al 75.3 
Satt545 Al 75.3 
Satt545 Al 75.3 
Satt545 Al 75.3 
Satt545 Al 75.3 
Satt599 Al 83.2 
Satt599 Al 83.2 
Satt599 Al 83.2 
Satt599 Al 83.2 
Satt225 Al 87.3 
Satt225 Al 87.3 
Satt225 Al 87.3 
Satt225 Al 87.3 
Satt225 Al 87.3 
Satt390 A2 8.6 
Satt390 A2 8.6 
Satt390 A2 8.6 
Satt493 A2 23.3 
Satt493 A2 23.3 
Satt493 A2 23.3 
Satt493 A2 23.3 
Satt493 A2 23.3 
Sattl 87 A2 50.0 
Sattl 87 A2 50.0 
Sattl 87 A2 50.0 
Sattl 87 A2 50.0 
Satt424 A2 61.7 
Satt424 A2 61.7 
Satt424 A2 61.7 
Satt424 A2 61.7 
1 12 30 0.4000 0.69 8 26 0.3077 0.72 
2 4 30 0.1333 0 0 0.0000 
3 10 30 0.3333 6 26 0.2308 
4 0 0 0.0000 0 0 0.0000 
5 0 0 0.0000 3 26 0.1154 
6 4 30 0.1333 9 26 0.3462 
1 0 0 0.0000 0.57 0 0 0.0000 0.73 
2 2 30 0.0667 0 0 0.0000 
3 1 30 0.0333 2 30 0.0667 
4 0 0 0.0000 0 0 0.0000 
5 1 30 0.0333 0 0 0.0000 
6 3 30 0.1000 7 30 0.2333 
7 0 0 0.0000 0 0 0.0000 
8 19 30 0.6333 11 30 0.3667 
9 2 30 0.0667 2 30 0.0667 
10 2 30 0.0667 8 30 0.2667 
1 4 26 0.1538 0.38 4 30 0.1333 0.34 
2 0 0 0.0000 0 0 0.0000 
3 20 26 0.7692 24 30 0.8000 
4 2 26 0.0769 2 30 0.0667 
1 0 0 0.0000 0.39 2 26 0.0769 0.33 
2 22 30 0.7333 21 26 0.8077 
3 0 0 0.0000 1 26 0.0385 
4 8 30 0.2667 2 26 0.0769 
5 0 0 0.0000 0 0 0.0000 
1 1 30 0.0333 0.06 3 30 0.1000 0.42 
2 29 30 0.9667 22 30 0.7333 
3 0 0 0.0000 5 30 0.1667 
1 16 22 0.7273 0.45 16 22 0.7273 0.45 
2 2 22 0.0909 2 22 0.0909 
3 2 22 0.0909 2 22 0.0909 
4 0 0 0.0000 0 0 0.0000 
6 2 22 0.0909 2 22 0.0909 
1 0 0 0.0000 0.46 9 28 0.3214 0.59 
2 21 30 0.7000 15 28 0.5357 
3 6 30 0.2000 0 0 0.0000 
4 3 30 0.1000 4 28 0.1429 
1 0 0 0.0000 0.34 0 0 0.0000 0.32 
2 24 30 0.8000 24 30 0.8000 
3 4 30 0.1333 6 30 0.2000 
4 2 30 0.0667 0 0 0.0000 
10 24 0.4167 0.70 0 0 0.0000 0.50 0 0 0.0000 0.50 
5 24 0.2083 18 28 0.6429 18 28 0.6429 
6 24 0.2500 8 28 0.2857 8 28 0.2857 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 28 0.0714 2 28 0.0714 
3 24 0.1250 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0.80 0 0 0.0000 0.14 0 0 0.0000 0.12 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 26 0.2308 1 28 0.0357 0 0 0.0000 
7 26 0.2692 26 28 0.9286 28 30 0.9333 
6 26 0.2308 0 0 0.0000 0 0 0.0000 
2 26 0.0769 1 28 0.0357 0 0 0.0000 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
12 26 0.4615 0.57 28 30 0.9333 0.12 28 28 1.0000 0.00 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
12 26 0.4615 2 30 0.0667 0 0 0.0000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0.07 0 0 0.0000 0.26 0 0 0.0000 0.45 
25 26 0.9615 24 28 0.8571 21 30 0.7000 
0 0 0.0000 2 28 0.0714 7 30 0.2333 
0 0 0.0000 2 28 0.0714 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.00 4 30 0.1333 0.23 4 30 0.1333 0.23 
26 26 1.0000 26 30 0.8667 26 30 0.8667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 20 0.4000 0.70 25 26 0.9615 0.07 21 26 0.8077 0.33 
2 20 0.1000 0 0 0.0000 3 26 0.1154 
6 20 0.3000 1 26 0.0385 2 26 0.0769 
4 20 0.2000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 24 0.2500 0.64 1 28 0.0357 0.43 0 0 0.0000 0.48 
11 24 0.4583 20 28 0.7143 12 30 0.4000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
7 24 0.2917 7 28 0.2500 18 30 0.6000 
0 0 0.0000 0.46 0 0 0.0000 0.35 0 0 0.0000 0.61 
18 26 0.6923 22 28 0.7857 10 28 0.3571 
6 26 0.2308 0 0 0.0000 1 28 0.0357 
2 26 0.0769 5 28 0.1786 14 28 0.5000 
Table A2 (continued) 
Satt424 A2 61.7 5 0 
Satt424 A2 61.7 7 0 
Satt424 A2 61.7 8 0 
Satt424 A2 61.7 9 0 
Satt424 A2 61.7 10 0 
Satt424 A2 61.7 11 0 
Satt341 A2 73.5 1 0 
Satt341 A2 73.5 2 7 
Satt341 A2 73.5 3 23 
Satt341 A2 73.5 4 0 
Satt341 A2 73.5 5 0 
Sat_129 A2 78.3 1 0 
Sat_129 A2 78.3 2 0 
Sat_129 A2 78.3 3 0 
Sat_129 A2 78.3 4 2 
Sat_129 A2 78.3 5 4 
Sat_129 A2 78.3 6 11 
Sat_129 A2 78.3 7 9 
Sat_129 A2 78.3 8 4 
Sat_129 A2 78.3 9 0 
:Satt327 A2 108.7 1 5 
Satt327 A2 108.7 2 0 
Satt327 A2 108.7 3 23 
Satt470 A2 119.6 1 28 
Satt455 A2 138.2 1 2 
Satt455 A2 138.2 2 26 
Satt455 A2 138.2 3 2 
Satt409 A2 154.7 1 4 
Satt409 A2 154.7 2 0 
Satt409 A2 154.7 3 14 
Satt409 A2 154.7 4 0 
Satt409 A2 154.7 5 0 
Satt409 A2 154.7 6 12 
Satt409 A2 154.7 7 0 
Satt409 A2 154.7 8 0 
Satt378 A2 175.2 1 30 
Satt378 A2 175.2 2 0 
Satt378 A2 175.2 3 0 
Satt378 A2 175.2 4 0 
Satt378 A2 175.2 5 0 
Satt378 A2 175.2 6 0 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.36 0 0 0.0000 0.18 
0.2333 3 30 0.1000 
0.7667 27 30 0.9000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.74 0 0 0.0000 0.65 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0667 0 0 0.0000 
0.1333 6 30 0.2000 
0.3667 2 30 0.0667 
0.3000 16 30 0.5333 
0.1333 2 30 0.0667 
0.0000 4 30 0.1333 
0.1786 0.29 6 28 0.2143 0.52 
0.0000 4 28 0.1429 
0.8214 18 28 0.6429 
1.0000 0.00 30 30 1.0000 0.00 
0.0667 0.24 4 30 0.1333 0.23 
0.8667 26 30 0.8667 
0.0667 0 0 0.0000 
0.1333 0.60 6 30 0.2000 0.58 
0.0000 0 0 0.0000 
0.4667 4 30 0.1333 
0.0000 0 0 0.0000 
0.0000 2 30 0.0667 
0.4000 18 30 0.6000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
1.0000 0.00 30 30 1.0000 0.00 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 










































0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 28 0.0357 3 28 0.1071 
0 0 0.0000 0.22 0 0 0.0000 0.00 0 0 0.0000 o.oo 
3 24 0.1250 0 0 0.0000 0 0 0.0000 
21 24 0.8750 30 30 1.0000 30 30 1.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.49 0 0 0.0000 0.69 0 0 0.0000 0.52 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
16 24 0.6667 8 30 0.2667 19 30 0.6333 
2 24 0.0833 0 0 0.0000 0 0 0.0000 
6 24 0.2500 12 30 0.4000 8 30 0.2667 
0 0 0.0000 8 30 0.2667 3 30 0.1000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 26 0.2308 0.62 0 0 0.0000 0.19 0 0 0.0000 0.12 
7 26 0.2692 3 28 0.1071 2 30 0.0667 
13 26 0.5000 25 28 0.8929 28 30 0.9333 
26 26 1.0000 0.00 26 26 1.0000 0.00 30 30 1.0000 O.OO 
0 0 0.0000 0.00 0 0 0.0000 0.48 0 0 0.0000 0.42 
24 24 1.0000 18 30 0.6000 21 30 0.7000 
0 0 0.0000 12 30 0.4000 9 30 0.3000 
2 26 0.0769 0.57 0 0 0.0000 0.48 0 0 0.0000 0.39 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
12 26 0.4615 12 30 0.4000 8 30 0.2667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
12 26 0.4615 18 30 0.6000 22 30 0.7333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
21 26 0.8077 0.33 8 30 0.2667 0.39 13 30 0.4333 0.49 
1 26 0.0385 22 30 0.7333 17 30 0.5667 
3 26 0.1154 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Satt378 A2 175.2 7 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 8 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 9 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 10 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 11 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 12 0 0 0.0000 0 0 0.0000 
Satt378 A2 175.2 14 0 0 0.0000 0 0 0.0000 
Satt429 A2 184.0 1 22 30 0.7333 0.39 13 30 0.4333 0.62 
Satt429 A2 184.0 2 0 0 0.0000 0 0 0.0000 
Satt429 A2 184.0 3 0 0 0.0000 5 30 0.1667 
Satt429 A2 184.0 4 8 30 0.2667 12 30 0.4000 
Satt429 A2 184.0 5 0 0 0.0000 0 0 0.0000 
Satt429 A2 184.0 6 0 0 0.0000 0 0 0.0000 
Satt429 A2 184.0 7 0 0 0.0000 0 0 0.0000 
Satt429 A2 184.0 8 0 0 0.0000 0 0 0.0000 
Satt426 B1 22.5 1 4 28 0.1429 0.77 4 30 0.1333 0.72 
Satt426 B1 22.5 2 2 28 0.0714 6 30 0.2000 
Satt426 B1 22.5 3 7 28 0.2500 9 30 0.3000 
Satt426 B1 22.5 4 0 0 0.0000 0 0 0.0000 
Satt426 B1 22.5 5 7 28 0.2500 11 30 0.3667 
Satt426 B1 22.5 6 0 0 0.0000 0 0 0.0000 
Satt426 B1 22.5 7 8 28 0.2857 0 0 0.0000 
Satt509 B1 26.7 1 4 30 0.1333 0.54 2 30 0.0667 0.65 
Satt509 B1 26.7 2 19 30 0.6333 15 30 0.5000 
Satt509 B1 26.7 3 0 0 0.0000 0 0 0.0000 
Satt509 B1 26.7 4 1 30 0.0333 9 30 0.3000 
Satt509 B1 26.7 5 0 0 0.0000 2 30 0.0667 
Satt509 B1 26.7 6 6 30 0.2000 2 30 0.0667 
Satt25I B1 34.9 1 6 30 0.2000 0.32 12 30 0.4000 0.48 
Satt251 B1 34.9 2 24 30 0.8000 18 30 0.6000 
Satt251 B1 34.9 3 0 0 0.0000 0 0 0.0000 
Satt251 B1 34.9 4 0 0 0.0000 0 0 0.0000 
Sattl 97 B1 39.0 1 1 30 0.0333 0.61 0 0 0.0000 0.56 
Sattl 97 B1 39.0 2 11 30 0.3667 9 28 0.3214 
Sattl 97 B1 39.0 3 2 30 0.0667 2 28 0.0714 
Sattl 97 B1 39.0 4 0 0 0.0000 0 0 0.0000 
Sattl 97 B1 39.0 5 1 30 0.0333 1 28 0.0357 
Sattl 97 B1 39.0 6 15 30 0.5000 16 28 0.5714 
Sattl 97 B1 39.0 7 0 0 0.0000 0 0 0.0000 
Sattl 97 B1 39.0 8 0 0 0.0000 0 0 0.0000 
Set 026 B1 71.6 1 0 0 0.0000 0.28 1 30 0.0333 0.29 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.26 9 30 0.3000 0.61 8 30 0.2667 0.62 
0 0 0.0000 16 30 0.5333 16 30 0.5333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
22 26 0.8462 4 30 0.1333 2 30 0.0667 
4 26 0.1538 1 30 0.0333 4 30 0.1333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.44 0 0 0.0000 0.18 0 0 0.0000 0.13 
3 22 0.1364 0 0 0.0000 2 28 0.0714 
16 22 0.7273 27 30 0.9000 26 28 0.9286 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 22 0.0455 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 30 0.0333 0 0 0.0000 
2 22 0.0909 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0.33 0 0 0.0000 0.13 0 0 0.0000 0.12 
21 26 0.8077 26 28 0.9286 28 30 0.9333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 26 0.1154 0 0 0.0000 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 2 28 0.0714 0 0 0.0000 
8 26 0.3077 0.43 4 30 0.1333 0.23 7 30 0.2333 0.36 
18 26 0.6923 26 30 0.8667 23 30 0.7667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.64 1 22 0.0455 0.31 1 30 0.0333 0.58 
6 26 0.2308 3 22 0.1364 11 30 0.3667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
6 26 0.2308 0 0 0.0000 2 30 0.0667 
13 26 0.5000 18 22 0.8182 16 30 0.5333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.41 0 0 0.0000 0.50 0 0 0.0000 0.06 
Table A2 (continued) 
Sct_026 B1 71.6 
Sct_026 B1 71.6 
Satt444 B1 76.4 
Satt444 B1 76.4 
Satt444 B1 76.4 
Satt359 B1 92.1 
Satt359 B1 92.1 
Satt359 B1 92.1 
Satt359 B1 92.1 
Satt359 B1 92.1 
Satt453 B1 117.3 
Satt453 B1 117.3 
Satt453 B1 117.3 
Satt453 B1 117.3 
Satt453 B1 117.3 
Satt577 B2 0.0 
Satt577 B2 0.0 
Satt577 B2 0.0 
Satt577 B2 0.0 
Satt577 B2 0.0 
Satt577 B2 0.0 
Sattl 26 B2 29.9 
Sattl26 B2 29.9 
Sattl 26 B2 29.9 
Sattl26 B2 29.9 
Sattl 68 B2 55.8 
Sattl 68 B2 55.8 
Sattl 68 B2 55.8 
Sattl 68 B2 55.8 
Sattl68 B2 55.8 
Sattl 68 B2 55.8 
Satt304 B2 69.3 
Satt304 B2 69.3 
Satt304 B2 69.3 
Satt304 B2 69.3 
Satt066 B2 97.3 
Satt066 B2 97.3 
Satt066 B2 97.3 
Satt066 B2 97.3 
Satt066 B2 97.3 
Satt066 B2 97.3 
2 25 30 0.8333 25 30 0.8333 
3 5 30 0.1667 4 30 0.1333 
1 21 30 0.7000 0.44 30 30 1.0000 0.00 
2 1 30 0.0333 0 0 0.0000 
3 8 30 0.2667 0 0 0.0000 
1 22 30 0.7333 0.42 6 28 0.2143 0.76 
2 6 30 0.2000 9 28 0.3214 
3 0 0 0.0000 6 28 0.2143 
4 2 30 0.0667 6 28 0.2143 
5 0 0 0.0000 1 28 0.0357 
1 12 30 0.4000 0.55 13 30 0.4333 0.65 
2 0 0 0.0000 0 0 0.0000 
3 16 30 0.5333 7 30 0.2333 
4 2 30 0.0667 10 30 0.3333 
5 0 0 0.0000 0 0 0.0000 
1 7 30 0.2333 0.60 8 30 0.2667 0.72 
2 0 0 0.0000 2 30 0.0667 
3 2 30 0.0667 1 30 0.0333 
4 4 30 0.1333 10 30 0.3333 
5 17 30 0.5667 9 30 0.3000 
6 0 0 O.OOÙO 0 0 0.0000 
1 0 0 0.0000 0.36 1 30 0.0333 0.46 
2 7 30 0.2333 6 30 0.2000 
3 23 30 0.7667 21 30 0.7000 
4 0 0 0.0000 2 30 0.0667 
1 0 0 0.0000 0.55 5 30 0.1667 0.69 
2 0 0 0.0000 0 0 0.0000 
3 12 30 0.4000 6 30 0.2000 
4 16 30 0.5333 14 30 0.4667 
5 2 30 0.0667 5 30 0.1667 
6 0 0 0.0000 0 0 0.0000 
1 19 30 0.6333 0.50 19 30 0.6333 0.52 
2 9 30 0.3000 8 30 0.2667 
3 0 0 0.0000 3 30 0.1000 
4 2 30 0.0667 0 0 0.0000 
1 4 30 0.1333 0.73 2 30 0.0667 0.69 
2 0 0 0.0000 0 0 0.0000 
3 0 0 0.0000 2 30 0.0667 
4 8 30 0.2667 3 30 0.1000 
6 8 30 0.2667 12 30 0.4000 
7 10 30 0.3333 11 30 0.3667 
17 24 0.7083 16 30 0.5333 29 30 0.9667 
7 24 0.2917 14 30 0.4667 1 30 0.0333 
23 26 0.8846 0.21 26 28 0.9286 0.13 30 30 1.0000 0.00 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
1 26 0.0385 2 28 0.0714 0 0 0.0000 
8 24 0.3333 0.68 24 30 0.8000 0.32 30 30 1.0000 0.00 
10 24 0.4167 0 0 0.0000 0 0 0.0000 
2 24 0.0833 0 0 0.0000 0 0 0.0000 
4 24 0.1667 6 30 0.2000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
22 26 0.8462 0.27 30 30 1.0000 0.00 28 30 0.9333 0.12 
2 26 0.0769 0 0 0.0000 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 24 0.3333 0.68 0 0 0.0000 0.48 0 0 0.0000 0.44 
2 24 0.0833 2 30 0.0667 2 30 0.0667 
0 0 0.0000 4 30 0.1333 2 30 0.0667 
10 24 0.4167 3 30 0.1000 4 30 0.1333 
4 24 0.1667 21 30 0.7000 22 30 0.7333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0.38 0 0 0.0000 0.50 0 0 0.0000 0.50 
2 26 0.0769 16 30 0.5333 14 30 0.4667 
20 26 0.7692 14 30 0.4667 16 30 0.5333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 26 0.1154 0.72 0 0 0.0000 0.55 0 0 0.0000 0.63 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
7 26 0.2692 16 30 0.5333 14 30 0.4667 
8 26 0.3077 12 30 0.4000 6 30 0.2000 
8 26 0.3077 2 30 0.0667 10 30 0.3333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
19 24 0.7917 0.33 17 30 0.5667 0.56 6 28 0.2143 0.44 
5 24 0.2083 3 30 0.1000 2 28 0.0714 
0 0 0.0000 10 30 0.3333 20 28 0.7143 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0.63 2 30 0.0667 0.52 0 0 0.0000 0.50 
0 0 0.0000 1 30 0.0333 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
12 26 0.4615 19 30 0.6333 14 30 0.4667 
2 26 0.0769 8 30 0.2667 16 30 0.5333 
Table A2 (continued) 
Satt066 B2 97.3 8 0 0 0.0000 0 0 0.0000 
Satt066 B2 97.3 9 0 0 0.0000 0 0 0.0000 
Satt063 B2 113.1 1 0 0 0.0000 0.36 0 0 0.0000 0.45 
Satt063 B2 113.1 2 0 0 0.0000 0 0 0.0000 
Satt063 B2 113.1 3 23 30 0.7667 21 30 0.7000 
Satt063 B2 113.1 4 7 30 0.2333 7 30 0.2333 
Satt063 B2 113.1 5 0 0 0.0000 2 30 0.0667 
Satt560 B2 132.7 1 14 28 0.5000 0.50 12 28 0.4286 0.64 
Satt560 B2 132.7 2 14 28 0.5000 10 28 0.3571 
Satt560 B2 132.7 3 0 0 0.0000 0 0 0.0000 
Satt560 B2 132.7 4 0 0 0.0000 0 0 0.0000 
Satt560 B2 132.7 5 0 0 0.0000 6 28 0.2143 
Satt560 B2 132.7 6 0 0 0.0000 0 0 0.0000 
Satt560 B2 132.7 8 0 0 0.0000 0 0 0.0000 
Satt565 Cl 0.0 1 0 0 0.0000 0.18 1 28 0.0357 0.25 
Satt565 Cl 0.0 2 2 30 0.0667 3 28 0.1071 
Satt565 Cl 0.0 3 1 30 0.0333 0 0 0.0000 
Satt565 Cl 0.0 4 27 30 0.9000 24 28 0.8571 
SOYGPATR Cl 21.0 1 28 30 0.9333 0.12 27 28 0.9643 0.07 
SOYGPATR Cl 21.0 2 0 0 0.0000 0 0 0.0000 
SOYGPATR Cl 21.0 3 2 30 0.0667 1 28 0.0357 
Sattl 94 Cl 30.2 1 12 24 0.5000 0.63 8 26 0.3077 0.48 
Sattl 94 Cl 30.2 2 2 24 0.0833 0 0 0.0000 
Sattl 94 Cl 30.2 3 8 24 0.33.33 17 26 0.6538 
Sattl 94 Cl 30.2 4 1 24 0.041-7 0 0 0.0000 
Sattl 94 Cl 30.2 5 1 24 0.0417 0 0 0.0000 
Sattl 94 Cl 30.2 6 0 0 0.0000 0 0 0.0000 
Sattl 94 Cl 30.2 9 0 0 0.0000 1 26 0.0385 
Satt578 Cl 74.0 1 8 30 0.2667 0.65 10 28 0.3571 0.46 
Satt578 Cl 74.0 2 13 30 0.4333 18 28 0.6429 
Satt578 Cl 74.0 3 9 30 0.3000 0 0 0.0000 
Sat_085 Cl 96.5 2 0 0 0.0000 0.62 0 0 0.0000 0.74 
Sat_085 Cl 96.5 3 12 30 0.4000 10 30 0.3333 
Sat_085 Cl 96.5 4 1 30 0.0333 0 0 0.0000 
Sat_085 Cl 96.5 5 1 30 0.0333 2 30 0.0667 
Sat_085 Cl 96.5 6 0 0 0.0000 8 30 0.2667 
Sat_085 Cl 96.5 7 2 30 0.0667 0 0 0.0000 
Sat_085 Cl 96.5 8 14 30 0.4667 8 30 0.2667 
Sat_085 Cl 96.5 9 0 0 0.0000 0 0 0.0000 
Sat_085 Cl 96.5 10 0 0 0.0000 0 0 0.0000 
Sat 085 Cl 96.5 11 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
10 26 0.3846 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.00 7 26 0.2692 0.39 7 30 0.2333 0.36 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
26 26 1.0000 19 26 0.7308 23 30 0.7667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 24 0.2500 0.49 9 30 0.3000 0.57 6 30 0.2000 0.50 
16 24 0.6667 17 30 0.5667 20 30 0.6667 
2 24 0.0833 0 0 0.0000 0 0 0.0000 
0 0 0.0000 4 30 0.1333 4 30 0.1333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 26 0.1154 0.59 3 26 0.1154 0.54 5 30 0.1667 0.62 
11 26 0.4231 16 26 0.6154 13 30 0.4333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
12 26 0.4615 7 26 0.2692 12 30 0.4000 
12 24 0.5000 0.59 11 30 0.3667 0.54 13 30 0.4333 0.62 VO 
w 
0.1667 3 24 0.1250 2 30 0.0667 5 30 
9 24 0.3750 17 30 0.5667 12 30 0.4000 
20 26 0.7692 0.36 1 24 0.0417 0.54 1 28 0.0357 0.41 
0 0 0.0000 0 0 0.0000 1 28 0.0357 
6 26 0.2308 11 24 0.4583 21 28 0.7500 
0 0 0.0000 12 24 0.5000 4 28 0.1429 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 1 28 0.0357 
0 0 0.0000 0.10 0 0 0.0000 0.18 0 0 0.0000 0.00 
19 20 0.9500 27 30 0.9000 30 30 1.0000 
1 20 0.0500 3 30 0.1000 0 0 0.0000 
2 26 0.0769 0.83 0 0 0.0000 0.44 0 0 0.0000 0.06 
6 26 0.2308 2 30 0.0667 0 0 0.0000 
2 26 0.0769 22 30 0.7333 29 30 0.9667 
6 26 0.2308 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
0 0 0.0000 4 30 0.1333 0 0 0.0000 
0 0 0.0000 0 0 0.0000 1 30 0.0333 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Sat_085 Cl 96.5 15 0 0 0.0000 0 0 0.0000 
Sat_085 Cl 96.5 16 0 0 0.0000 2 30 0.0667 
Sat_085 Cl 96.5 17 0 0 0.0000 0 0 0.0000 
Sat_085 Cl 96.5 18 0 0 0.0000 0 0 0.0000 
Sattl 90 Cl 99.0 1 2 30 0.0667 0.65 0 0 0.0000 0.52 
Sattl 90 Cl 99.0 2 15 30 0.5000 18 30 0.6000 
Sattl 90 Cl 99.0 3 8 30 0.2667 10 30 0.3333 
Sattl 90 Cl 99.0 4 5 30 0.1667 2 30 0.0667 
Satt294 Cl 105.4 1 10 26 0.3846 0.56 6 30 0.2000 0.32 
Satt294 Cl 105.4 2 0 0 0.0000 0 0 0.0000 
Satt294 Cl 105.4 3 0 0 0.0000 0 0 0.0000 
Satt294 Cl 105.4 5 14 26 0.5385 24 30 0.8000 
Satt294 Cl 105.4 6 0 0 0.0000 0 0 0.0000 
Satt294 Cl 105.4 7 2 26 0.0769 0 0 0.0000 
Satt294 Cl 105.4 8 0 0 0.0000 0 0 0.0000 
Satt294 Cl 105.4 9 0 0 0.0000 0 0 0.0000 
Satt338 Cl 173.0 1 2 28 0.0714 0.58 10 28 0.3571 0.70 
Satt338 Cl 173.0 2 0 0 0.0000 0 0 0.0000 
Satt338 Cl 173.0 3 16 28 0.5714 9 28 0.3214 
Satt338 Cl 173.0 4 0 0 0.0000 2 28 0.0714 
Satt338 Cl 173.0 5 2 28 0.0714 0 0 0.0000 
Satt338 Cl 173.0 6 8 28 0.2857 7 28 0.2500 
Satt338 Cl 173.0 7 0 0 0.0000 0 0 0.0000 
Satt338 Cl 173.0 8 0 0 0.0000 0 0 0.0000 
Satt338 Cl 173.0 9 0 0 0.0000 0 0 0.0000 
Sattl 64 Cl 180.9 1 4 30 0.1333 0.70 4 28 0.1429 0.62 
Sattl 64 Cl 180.9 2 5 30 0.1667 2 28 0.0714 
Sattl 64 Cl 180.9 3 9 30 0.3000 7 28 0.2500 
Sattl 64 Cl 180.9 4 12 30 0.4060 15 28 0.5357 
Sattl 64 Cl 180.9 5 0 0 0.0000 0 0 0.0000 
Sat_062 C2 29.2 1 20 30 0.6667 0.51 11 30 0.3667 0.73 
Sat_062 C2 29.2 2 0 0 0.0000 7 30 0.2333 
Sat_062 C2 29.2 3 6 30 0.2000 0 0 0.0000 
Sat_062 C2 29.2 4 0 0 0.0000 0 0 0.0000 
Sat_062 C2 29.2 5 0 0 0.0000 0 0 0.0000 
Sat_062 C2 29.2 6 0 0 0.0000 0 0 0.0000 
Sat_062 C2 29.2 7 0 0 0.0000 0 0 0.0000 
Sat_062 C2 29.2 8 0 0 0.0000 0 0 0.0000 
Sat_062 C2 29.2 9 0 0 0.0000 0 0 0.0000 
Sat_062 C2 29.2 10 0 0 0.0000 2 30 0.0667 
Sat_062 C2 29.2 11 2 30 0.0667 8 30 0.2667 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0.62 22 30 0.7333 0.42 27 30 0.9000 0.18 
14 26 0.5385 0 0 0.0000 0 0 0.0000 
3 26 0.1154 6 30 0.2000 3 30 0.1000 
7 26 0.2692 2 30 0.0667 0 0 0.0000 
10 24 0.4167 0.57 5 30 0.1667 0.55 0 0 0.0000 0.53 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 24 0.0833 4 30 0.1333 1 30 0.0333 
12 24 0.5000 2 30 0.0667 10 30 0.3333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 19 30 0.6333 18 30 0.6000 
0 0 0.0000 0 0 0.0000 1 30 0.0333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
5 26 0.1923 0.76 0 0 0.0000 0.50 10 30 0.3333 0.63 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 26 0.3077 16 30 0.5333 6 30 0.2000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
5 26 0.1923 0 0 0.0000 0 0 0.0000 
7 26 0.2692 14 30 0.4667 14 30 0.4667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
6 24 0.2500 0.65 0 0 0.0000 0.29 2 30 0.0667 0.42 
8 24 0.3333 3 30 0.1000 6 30 0.2000 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
10 24 0.4167 25 30 0.8333 22 30 0.7333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 26 0.3077 0.77 22 30 0.7333 0.44 18 30 0.6000 0.57 
0 0 0.0000 2 30 0.0667 7 30 0.2333 
6 26 0.2308 4 30 0.1333 1 30 0.0333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Sat_062 C2 29.2 12 0 
Sat_062 C2 29.2 13 0 
Sat_062 C2 29.2 14 2 
Sat_062 C2 29.2 16 0 
Satt520 C2 45.9 1 0 
Satt520 C2 45.9 2 6 
Satt520 C2 45.9 3 24 
Satt520 C2 45.9 4 0 
Satt520 C2 45.9 5 0 
Satt291 C2 48.2 1 0 
Satt291 C2 48.2 2 28 
Sattl70 C2 77.9 1 30 
Sattl 70 C2 77.9 2 0 
Sattl 70 C2 77.9 3 0 
Satt322 C2 84.6 1 0 
Satt322 C2 84.6 2 30 
Satt322 C2 84.6 3 0 
Satt450 C2 112.8 1 0 
Satt450 C2 112.8 2 30 
Satt450 C2 112.8 3 0 
Satt363 C2 127.6 1 30 
Satt363 C2 127.6 2 0 
Satt363 C2 127.6 3 0 
Satt277 C2 138.8 1 0 
Satt277 C2 138.8 2 5 
Satt277 C2 138.8 3 2 
Satt277 C2 138.8 4 5 
Satt277 C2 138.8 5 1 
Satt277 C2 138.8 6 0 
Satt277 C2 138.8 7 17 
Satt277 C2 138.8 8 0 
Satt319 C2 145.8 1 29 
Satt319 C2 145.8 2 0 
Satt319 C2 145.8 3 1 
Satt319 C2 145.8 4 0 
Satt307 C2 168.3 1 11 
Satt307 C2 168.3 2 0 
Satt307 C2 168.3 3 4 
Satt307 C2 168.3 4 0 
Satt307 C2 168.3 5 15 
Satt307 C2 168.3 6 0 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0667 2 30 0.0667 
0.0000 0 0 0.0000 
0.0000 0.32 4 30 0.1333 0.61 
0.2000 13 30 0.4333 
0.8000 13 30 0.4333 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.00 2 28 0.0714 0.13 
1.0000 26 28 0.9286 
1.0000 0.00 28 28 1.0000 0.00 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.00 0 0 0.0000 0.23 
1.0000 26 30 0.8667 
0.0000 4 30 0.1333 
0.0000 0.00 0 0 0.0000 0.00 
1.0000 26 26 1.0000 
0.0000 0 0 0.0000 
1.0000 0.00 30 30 1.0000 0.00 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.62 0 0 0.0000 0.66 
0.1667 1 30 0.0333 
0.0667 14 30 0.4667 
0.1667 7 30 0.2333 
0.0333 0 0 0.0000 
0.0000 0 0 0.0000 
0.5667 8 30 0.2667 
0.0000 0 0 0.0000 
0.9667 0.06 28 30 0.9333 0.12 
0.0000 0 0 0.0000 
0.0333 2 30 0.0667 
0.0000 0 0 0.0000 
0.3667 0.60 14 30 0.4667 0.60 
0.0000 0 0 0.0000 
0.1333 4 30 0.1333 
0.0000 0 0 0.0000 
0.5000 12 30 0.4000 










































0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0 0 0.0000 4 30 0.1333 
6 26 0.2308 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 22 0.0909 0.56 4 30 0.1333 0.43 2 30 0.0667 0.12 
12 22 0.5455 22 30 0.7333 28 30 0.9333 
8 22 0.3636 4 30 0.1333 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0.14 0 0 0.0000 0.00 0 0 0.0000 O.OO 
24 26 0.9231 28 28 1.0000 30 30 1.0000 
26 26 1.0000 0.00 26 26 1.0000 0.00 30 30 1.0000 o.oo 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.36 0 0 0.0000 0.00 0 0 0.0000 0.19 
20 26 0.7692 30 30 1.0000 25 28 0.8929 
6 26 0.2308 0 0 0.0000 3 28 0.1071 
0 0 0.0000 0.00 0 0 0.0000 0.00 0 0 0.0000 o.oo 
26 26 1.0000 28 28 1.0000 28 28 1.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
22 26 0.8462 0.26 30 30 1.0000 0.00 30 30 1.0000 o.oo 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.49 0 0 0.0000 0.50 0 0 0.0000 0.37 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
7 26 0.2692 0 0 0.0000 1 30 0.0333 
17 26 0.6538 20 30 0.6667 6 30 0.2000 
0 0 0.0000 1 30 0.0333 0 0 0.0000 
0 0 0.0000 7 30 0.2333 23 30 0.7667 
2 26 0.0769 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
20 26 0.7692 0.36 30 30 1.0000 0.00 30 30 1.0000 o.oo 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 26 0.2308 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 24 0.0833 0.29 8 30 0.2667 0.48 12 30 0.4000 0.48 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 24 0.0833 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
20 24 0.8333 20 30 0.6667 18 30 0.6000 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
Table A2 (continued) 
Satt371 C2 188.7 1 0 
Satt371 C2 188.7 2 10 
Satt371 C2 188.7 3 1 
Satt371 C2 188.7 4 0 
Satt371 C2 188.7 5 0 
Satt371 C2 188.7 6 9 
Satt371 C2 188.7 7 9 
Satt371 C2 188.7 8 1 
Satt357 C2 193.5 1 13 
Satt357 C2 193.5 2 6 
Satt357 C2 193.5 3 11 
Sattl84 Dla+Q 8.3 1 2 
Sattl84 Dla+Q 8.3 2 7 
Sattl84 Dla+Q 8.3 3 19 
Sattl84 Dla+Q 8.3 4 0 
Sattl 84 Dla+Q 8.3 5 0 
Satt531 Dla+Q 24.3 1 6 
Satt531 Dla+Q 24.3 2 0 
Satt531 Dla+Q 24.3 3 24 
Satt531 Dla+Q 24.3 4 0 
Satt531 Dla+Q 24.3 5 0 
Satt368 Dla+Q 41.1 1 0 
Satt368 Dla+Q 41.1 2 1 
Satt368 Dla+Q 41.1 3 0 
Satt368 Dla+Q 41.1 4 0 
SatG68 Dla+Q 41.1 5 0 
Satt368 Dla+Q 41.1 6 12 
Satt368 Dla+Q 41.1 7 14 
Satt368 Dla+Q 41.1 8 3 
Satt321 Dla+Q 54.7 1 24 
Satt321 Dla+Q 54.7 2 2 
Satt321 Dla+Q 54.7 3 4 
Satt321 Dla+Q 54.7 4 0 
Sattl79 Dla+Q 67.8 1 0 
Sattl 79 Dla+Q 67.8 2 4 
Sattl 79 Dla+Q 67.8 3 0 
Sattl79 Dla+Q 67.8 4 10 
Sattl 79 Dla+Q 67.8 5 16 
Satt436 Dla+Q 89.3 1 2 
Satt436 Dla+Q 89.3 3 11 
Satt436 Dla+Q 89.3 4 7 
0.0000 0.71 0 0 0.0000 0.69 
0.3333 12 30 0.4000 
0.0333 1 30 0.0333 
0.0000 1 30 0.0333 
0.0000 0 0 0.0000 
0.3000 6 30 0.2000 
0.3000 10 30 0.3333 
0.0333 0 0 0.0000 
0.4333 0.64 21 28 0.7500 0.38 
0.2000 0 0 0.0000 
0.3667 7 28 0.2500 
0.0714 0.47 2 30 0.0667 0.52 
0.2500 10 30 0.3333 
0.6786 18 30 0.6000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.2000 0.32 8 30 0.2667 0.39 
0.0000 0 0 0.0000 
0.8000 22 30 0.7333 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.61 0 0 0.0000 0.39 
0.0333 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.4000 22 30 0.7333 
0.4667 8 30 0.2667 
0.1000 0 0 0.0000 
0.8000 0.34 20 30 0.6667 0.50 
0.0667 6 30 0.2000 
0.1333 4 30 0.1333 
0.0000 0 0 0.0000 
0.0000 0.59 0 0 0.0000 0.65 
0.1333 8 30 0.2667 
0.0000 0 0 0.0000 
0.3333 13 30 0.4333 
0.5333 9 30 0.3000 
0.0667 0.76 4 30 0.1333 0.74 
0.3667 12 30 0.4000 










































0 0 0.0000 0.70 0 0 0.0000 0.70 0 0 0.0000 0.58 
10 26 0.3846 13 30 0.4333 16 30 0.5333 
4 26 0.1538 4 30 0.1333 1 30 0.0333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 26 0.1154 5 30 0.1667 2 30 0.0667 
9 26 0.3462 8 30 0.2667 11 30 0.3667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
18 24 0.7500 0.39 30 30 1.0000 0.00 28 28 1.0000 0.00 
1 24 0.0417 0 0 0.0000 0 0 0.0000 
5 24 0.2083 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.41 5 30 0.1667 0.70 2 30 0.0667 0.51 
18 24 0.7500 7 30 0.2333 2 30 0.0667 
3 24 0.1250 13 30 0.4333 20 30 0.6667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 24 0.1250 5 30 0.1667 6 30 0.2000 
0 0 0.0000 0.00 0 0 0.0000 0.00 0 0 0.0000 O.OO 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
26 26 1.0000 30 30 1.0000 30 30 1.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0.48 0 0 0.0000 0.39 0 0 0.0000 0.48 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
5 26 0.1923 22 30 0.7333 18 30 0.6000 
18 26 0.6923 8 30 0.2667 12 30 0.4000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
16 26 0.6154 0.50 9 30 0.3000 0.46 13 30 0.4333 0.65 
1 26 0.0385 1 30 0.0333 7 30 0.2333 
9 26 0.3462 20 30 0.6667 10 30 0.3333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.56 0 0 0.0000 0.13 0 0 0.0000 0.45 
10 26 0.3846 1 30 0.0333 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
14 26 0.5385 1 30 0.0333 7 30 0.2333 
2 26 0.0769 28 30 0.9333 21 30 0.7000 
5 26 0.1923 0.81 4 30 0.1333 0.59 10 30 0.3333 0.73 
4 26 0.1538 18 30 0.6000 10 30 0.3333 
6 26 02308 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Satt436 Dla+Q 89.3 5 0 
Satt436 Dla+Q 89.3 6 5 
Satt436 Dla+Q 89.3 7 0 
Satt436 Dla+Q 89.3 8 3 
Satt436 Dla+Q 89.3 9 0 
Satt436 Dla+Q 89.3 10 2 
Sattl 29 Dla+Q 118.2 1 15 
Sattl 29 Dla+Q 118.2 2 0 
Sattl 29 Dla+Q 118.2 3 15 
Sattl 29 Dla+Q 118.2 5 0 
Sattl47 Dla+Q 123.0 1 8 
Sattl 47 Dla+Q 123.0 2 0 
Sattl 47 Dla+Q 123.0 3 18 
Sattl 47 Dla+Q 123.0 4 0 
Satt216 Dlb+W 0.0 1 2 
Satt216 Dlb+W 0.0 2 14 
Satt216 Dlb+W 0.0 3 2 
Satt216 Dlb+W 0.0 4 0 
Satt216 Dlb+W 0.0 6 12 
Satt216 Dlb+W 0.0 7 0 
Sattl 57 Dlb+W 14.9 1 0 
Sattl 57 Dlb+W 14.9 2 2 
Sattl 57 Dlb+W 14.9 3 4 
Sattl 57 Dlb+W 14.9 4 0 
Sattl 57 Dlb+W 14.9 5 0 
Sattl 57 Dlb+W 14.9 6 1 
Sattl 57 Dlb+W 14.9 7 11 
Sattl 57 Dlb+W 14.9 8 0 
Sattl 57 Dlb+W 14.9 9 0 
Sattl 57 Dlb+W 14.9 10 0 
Satt266 Dlb+W 38.5 1 10 
Satt266 Dlb+W 38.5 2 20 
Sattl 41 Dlb+W 52.8 1 14 
Sattl41 Dlb+W 52.8 2 8 
Sattl 41 Dlb+W 52.8 3 2 
Sattl41 Dlb+W 52.8 4 6 
SattWl Dlb+W 52.8 5 0 
Satt506 Dlb+W 52.8 1 12 
Satt506 Dlb+W 52.8 2 18 
Satt506 Dlb+W 52.8 3 0 
Satt506 Dlb+W 52.8 6 0 
0.0000 0 0 0.0000 
0.1667 7 30 0.2333 
0.0000 0 0 0.0000 
0.1000 5 30 0.1667 
0.0000 0 0 0.0000 
0.0667 0 0 0.0000 
0.5000 0.50 17 28 0.6071 0.56 
0.0000 1 28 0.0357 
0.5000 6 28 0.2143 
0.0000 4 28 0.1429 
0.3077 0.43 6 30 0.2000 0.32 
0.0000 0 0 0.0000 
0.6923 24 30 0.8000 
0.0000 0 0 0.0000 
0.0667 0.61 8 30 0.2667 0.73 
0.4667 8 30 0.2667 
0.0667 10 30 0.3333 
0.0000 0 0 0.0000 
0.4000 4 30 0.1333 
0.0000 0 0 0.0000 
0.0000 0.56 0 0 0.0000 0.65 
0.1111 8 24 0.3333 
0.2222 4 24 0.1667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0556 0 0 0.0000 
0.6111 11 24 0.4583 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 1 24 0.0417 
0.3333 0.44 12 30 0.4000 0.48 
0.6667 18 30 0.6000 
0.4667 0.67 9 28 0.3214 0.68 
0.2667 3 28 0.1071 
0.0667 4 28 0.1429 
0.2000 12 28 0.4286 
0.0000 0 0 0.0000 
0.4000 0.48 11 30 0.3667 0.46 
0.6000 19 30 0.6333 
0.0000 0 0 0.0000 










































0 0 0.0000 0 0 0.0000 0 0 0.0000 
5 26 0.1923 3 30 0.1000 1 30 0.0333 
1 26 0.0385 1 30 0.0333 1 30 0.0333 
5 26 0.1923 4 30 0.1333 6 30 0.2000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
2 26 0.0769 0.57 0 0 0.0000 0.40 0 0 0.0000 0.39 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
13 26 0.5000 16 22 0.7273 8 30 0.2667 
11 26 0.4231 6 22 0.2727 22 30 0.7333 
10 26 0.3846 0.47 21 30 0.7000 0.42 20 26 0.7692 0.36 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
16 26 0.6154 9 30 0.3000 6 26 0.2308 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
24 26 0.9231 0.14 15 30 0.5000 0.56 16 30 0.5333 0.55 
2 26 0.0769 13 30 0.4333 12 30 0.4000 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 22 0.0909 0.68 5 26 0.1923 0.57 7 26 0.2692 0.49 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 22 0.2727 16 26 0.6154 17 26 0.6538 
0 0 0.0000 2 26 0.0769 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
10 22 0.4545 3 26 0.1154 2 26 0.0769 
4 22 0.1818 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 26 0.3077 0.43 0 0 0.0000 0.00 2 30 0.0667 0.12 
18 26 0.6923 30 30 1.0000 28 30 0.9333 
3 26 0.1154 0.20 5 30 0.1667 0.66 2 30 0.0667 0.48 
23 26 0.8846 6 30 0.2000 8 30 0.2667 
0 0 0.0000 15 30 0.5000 20 30 0.6667 
0 0 0.0000 4 30 0.1333 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0.14 3 30 0.1000 0.18 2 30 0.0667 0.18 
24 26 0.9231 27 30 0.9000 27 30 0.9000 
0 0 0.0000 0 0 0.0000 1 30 0.0333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Satt546 Dlb+W 63.0 1 20 30 0.6667 0.44 10 30 0.3333 0.44 
Satt546 Dlb+W 63.0 2 10 30 ' 0.3333 20 30 0.6667 
Satt274 Dlb+W 82.5 1 2 28 0.0714 0.71 3 30 0.1000 0.71 
Satt274 Dlb+W 82.5 2 1 28 0.0357 1 30 0.0333 
Satt274 Dlb+W 82.5 3 12 28 0.4286 12 30 0.4000 
Satt274 Dlb+W 82.5 4 1 28 0.0357 3 30 0.1000 
Satt274 Dlb+W 82.5 5 8 28 0.2857 10 30 0.3333 
Satt274 Dlb+W 82.5 6 0 0 0.0000 1 30 0.0333 
Satt274 Dlb+W 82.5 7 4 28 0.1429 0 0 0.0000 
Satt459 Dlb+W 98.6 1 26 30 0.8667 0.23 23 30 0.7667 0.36 
Satt459 Dlb+W 98.6 2 4 30 0.1333 7 30 0.2333 
Satt459 Dlb+W 98.6 3 0 0 0.0000 0 0 0.0000 
Satt271 Dlb+W 106.8 1 3 30 0.1000 0.38 2 28 0.0714 0.31 
Satt271 Dlb+W 106.8 2 4 30 0.1333 3 28 0.1071 
Satt271 Dlb+W 106.8 3 23 30 0.7667 23 28 0.8214 
Satt271 Dlb+W 106.8 4 0 0 0.0000 0 0 0.0000 
ScttOOS 02 0.0 1 30 30 1.0000 0.00 24 28 0.8571 0.24 
ScttOOS D2 0.0 2 0 0 0.0000 4 28 0.1429 
ScttOOS D2 0.0 3 0 0 0.0000 0 0 0.0000 
Sattl35 02 34.7 1 8 30 0.2667 0.39 24 30 0.8000 0.32 
Sattl 35 02 34.7 2 22 30 0.7333 6 30 0.2000 
Sattl 35 D2 34.7 3 0 0 0.0000 0 0 0.0000 
Sattl 35 D2 34.7 4 0 0 0.0000 0 0 0.0000 
Satt458 D2 34.7 1 0 0 0.0000 0.54 0 0 0.0000 0.50 
Satt458 02 34.7 2 0 0 0.0000 0 0 0.0000 
Satt458 02 34.7 3 2 30 0.0667 5 28 0.1786 
Satt458 D2 34.7 4 2 30 0.0667 0 0 0.0000 
Satt458 D2 34.7 5 0 0 0.0000 0 0 0.0000 
Satt458 02 34.7 6 0 0 0.0000 0 0 0.0000 
Satt458 02 34.7 7 19 30 0.6333 2 28 0.0714 
Satt458 02 34.7 8 0 0 0.0000 0 0 0.0000 
Satt458 02 34.7 9 7 30 0.2333 19 28 0.6786 
Satt458 D2 34.7 10 0 0 0.0000 2 28 0.0714 
Satt458 D2 34.7 11 0 0 0.0000 0 0 0.0000 
Satt582 02 66.9 1 0 0 0.0000 0.00 4 30 0.1333 0.23 
Satt582 D2 66.9 2 30 30 1.0000 26 30 0.8667 
Satt582 02 66.9 3 0 0 0.0000 0 0 0.0000 
Satt389 02 93.8 1 0 0 0.0000 0.67 2 28 0.0714 0.67 
Satt389 D2 93.8 2 0 0 0.0000 0 0 0.0000 
Satt389 D2 93.8 3 12 28 0.4286 13 28 0.4643 
Satt389 02 93.8 4 2 28 0.0714 0 0 0.0000 
16 26 0.6154 0.47 3 30 0.1000 0.18 0 0 0.0000 O.OO 
10 26 0.3846 27 30 0.9000 30 30 1.0000 
0 0 0.0000 0.52 7 30 0.2333 0.70 7 30 0.2333 0.71 
1 24 0.0417 0 0 0.0000 0 0 0.0000 
15 24 0.6250 13 30 0.4333 12 30 0.4000 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
1 24 0.0417 7 30 0.2333 8 30 0.2667 
7 24 0.2917 1 30 0.0333 1 30 0.0333 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
26 26 1.0000 0.00 23 30 0.7667 0.36 18 30 0.6000 0.48 
0 0 0.0000 7 30 0.2333 12 30 0.4000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
11 26 0.4231 0.49 14 30 0.4667 0.50 20 28 0.7143 0.41 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
15 26 0.5769 16 30 0.5333 8 28 0.2857 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
17 24 0.7083 0.41 26 30 0.8667 0.23 24 30 0.8000 0.32 
0 0 0.0000 4 30 0.1333 6 30 0.2000 
7 24 0.2917 0 0 0.0000 0 0 0.0000 
8 26 0.3077 0.59 1 30 0.0333 0.06 1 30 0.0333 0.06 
14 26 0.5385 29 30 0.9667 29 30 0.9667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.49 0 0 0.0000 0.76 0 0 0.0000 0.62 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 6 30 0.2000 0 0 0.0000 
2 26 0.0769 10 30 0.3333 4 28 0.1429 
0 0 0.0000 2 30 0.0667 15 28 0.5357 
0 0 0.0000 6 30 0.2000 7 28 0.2500 
18 26 0.6923 6 30 0.2000 2 28 0.0714 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.07 0 0 0.0000 0.23 0 0 0.0000 0.48 
25 26 0.9615 26 30 0.8667 12 30 0.4000 
1 26 0.0385 4 30 0.1333 18 30 0.6000 
2 26 0.0769 0.65 1 28 0.0357 0.49 0 0 0.0000 0.45 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 28 0.0714 0 0 0.0000 
13 26 0.5000 0 0 0.0000 7 30 0.2333 
Table A2 (continued) 
Satt389 D2 93.8 5 2 
SatG89 D2 93.8 6 10 
Satt389 D2 93.8 7 2 
SatGll D2 106.6 1 9 
Satt3U D2 106.6 2 0 
Satt311 D2 106.6 3 15 
Satt311 02 106.6 5 0 
Satt311 D2 106.6 6 6 
Satt082 D2 112.1 1 9 
Satt082 02 112.1 2 12 
Satt082 02 112.1 3 9 
Satt301 D2 121.8 1 12 
SatGOl D2 121.8 2 0 
Satt301 D2 121.8 3 6 
SatGOl D2 121.8 4 0 
SatGOl D2 121.8 5 2 
SatGOl D2 121.8 6 8 
SatGOl D2 121.8 7 0 
Sattl 86 D2 139.1 1 0 
Sattl 86 D2 139.1 2 0 
Sattl 86 D2 139.1 3 30 
Sattl 86 D2 139.1 4 0 
Sattl 86 D2 139.1 5 0 
Sattl 86 D2 139.1 6 0 
Satt413 D2 148.3 1 5 
Satt413 D2 148.3 3 25 
Satt413 D2 148.3 4 0 
Satt413 02 148.3 5 0 
Satt256 D2 154.8 1 2 
Satt256 D2 154.8 2 28 
Satt212 E 0.0 1 6 
Satt212 E 0.0 2 9 
Satt212 E 0.0 3 3 
Satt212 E 0.0 4 0 
Satt212 E 0.0 5 10 
Satt212 E 0.0 6 0 
Satt212 E 0.0 7 2 
Satt212 E 0.0 8 0 
Satt212 E 0.0 9 0 
Satt213 E 12.3 1 30 
Satt213 E 12.3 2 0 
0.0714 6 28 0.2143 
0.3571 7 28 0.2500 
0.0714 0 0 0.0000 
0.3000 0.62 13 30 0.4333 0.56 
0.0000 0 0 0.0000 
0.5000 15 30 0.5000 
0.0000 2 30 0.0667 
0.2000 0 0 0.0000 
0.3000 0.66 10 28 0.3571 0.60 
0.4000 14 28 0.5000 
0.3000 4 28 0.1429 
0.4286 0.68 8 24 0.3333 0.69 
0.0000 1 24 0.0417 
0.2143 8 24 0.3333 
0.0000 0 0 0.0000 
0.0714 0 0 0.0000 
0.2857 7 24 0.2917 
0.0000 0 0 0.0000 
0.0000 0.00 0 0 0.0000 0.12 
0.0000 0 0 0.0000 
1.0000 28 30 0.9333 
0.0000 2 30 0.0667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.1667 0.28 4 30 0.1333 0.23 
0.8333 26 30 0.8667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0667 0.12 12 30 0.4000 0.48 
0.9333 18 30 0.6000 
0.2000 0.74 3 30 0.1000 0.68 
0.3000 13 30 0.4333 
0.1000 5 30 0.1667 
0.0000 0 0 0.0000 
0.3333 9 30 0.3000 
0.0000 0 0 0.0000 
0.0667 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
1.0000 0.00 30 30 1.0000 0.00 










































4 26 0.1538 6 28 0.2143 2 30 0.0667 
7 26 0.2692 19 28 0.6786 21 30 0.7000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0.61 9 30 0.3000 0.42 13 30 0.4333 0.49 
9 26 0.3462 0 0 0.0000 0 0 0.0000 
13 26 0.5000 21 30 0.7000 17 30 0.5667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
12 24 0.5000 0.50 15 30 0.5000 0.50 12 30 0.4000 0.48 
12 24 0.5000 15 30 0.5000 18 30 0.6000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
9 26 0.3462 0.61 3 30 0.1000 0.58 4 30 0.1333 0.60 
13 26 0.5000 15 30 0.5000 14 30 0.4667 
0 0 0.0000 12 30 0.4000 12 30 0.4000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.07 0 0 0.0000 0.28 0 0 0.0000 0.52 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
25 26 0.9615 20 24 0.8333 18 30 0.6000 
1 26 0.0385 4 24 0.1667 10 30 0.3333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
14 26 0.5385 0.50 0 0 0.0000 0.42 6 30 0.2000 0.64 
12 26 0.4615 21 30 0.7000 12 30 0.4000 
0 0 0.0000 9 30 0.3000 12 30 0.4000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
12 26 0.4615 0.50 2 30 0.0667 0.12 4 30 0.1333 0.23 
14 26 0.5385 28 30 0.9333 26 30 0.8667 
4 26 0.1538 0.73 5 30 0.1667 0.71 2 30 0.0667 0.68 
9 26 0.3462 11 30 0.3667 13 30 0.4333 
7 26 0.2692 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 26 0.2308 10 30 0.3333 9 30 0.3000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 4 30 0.1333 6 30 0.2000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
26 26 1.0000 0.00 28 28 1.0000 0.00 30 30 1.0000 0.00 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Satt213 E 12.3 4 0 0 0.0000 0 0 0.0000 
Satt213 E 12.3 5 0 0 0.0000 0 0 0.0000 
Satt213 E 12.3 6 0 0 0.0000 0 0 0.0000 
Satt213 E 12.3 7 0 0 0.0000 0 0 0.0000 
Satt213 E 12.3 8 0 0 0.0000 0 0 0.0000 
Satt411 E 22.5 1 2 28 0.0714 0.50 8 28 0.2857 0.41 
Satt411 E 22.5 2 18 28 0.6429 20 28 0.7143 
Satt411 E 22.5 3 0 0 0.0000 0 0 0.0000 
Satt411 E 22.5 4 8 28 0.2857 0 0 0.0000 
Satt598 E 43.5 1 3 3 0 .  - 0.1000 0.18 14 30 0.4667 0.50 
Satt598 E 43.5 2 27 30 0.9000 16 30 0.5333 
Sat_124 E 64.4 1 0 0 0.0000 0.78 0 0 0.0000 0.82 
Sat_124 E 64.4 2 0 0 0.0000 0 0 0.0000 
Sat_124 E 64.4 3 0 0 0.0000 0 0 0.0000 
Sat_124 E 64.4 4 0 0 0.0000 4 26 0.1538 
Sat_124 E 64.4 5 0 0 0.0000 0 0 0.0000 
Sat_124 E 64.4 6 2 28 0.0714 0 0 0.0000 
Sat_124 E 64.4 7 2 28 0.0714 0 0 0.0000 
Sat_124 E 64.4 8 10 28 0.3571 8 26 0.3077 
Sat_124 E 64.4 9 0 0 0.0000 0 0 0.0000 
Sat_124 E 64.4 10 0 0 0.0000 2 26 0.0769 
Sat_124 E 64.4 11 0 0 0.0000 0 0 0.0000 
Sat_124 E 64.4 12 4 28 0.1429 0 0 0.0000 
Sat_124 E 64.4 13 0 0 0.0000 0 0 0.0000 
Sat_124 E 64.4 14 0 0 0.0000 0 0 0.0000 
Sat_124 E 64.4 15 6 28 0.2143 3 26 0.1154 
Sat_124 E 64.4 16 0 0 0.0000 0 0 0.0000 
Sat_124 E 64.4 17 0 0 0.0000 3 26 0.1154 
Sat_124 E 64.4 18 0 0 0.0000 0 0 0.0000 
Sat_124 E 64.4 19 4 28 0.1429 3 26 0.1154 
Sat_124 E 64.4 20 0 0 0.0000 3 26 0.1154 
Satt491 E 85.2 1 0 0 0.0000 0.36 0 0 0.0000 0.56 
Satt491 E 85.2 2 0 0 0.0000 12 28 0.4286 
Satt491 E 85.2 3 7 30 0.2333 2 28 0.0714 
Satt491 E 85.2 4 23 30 0.7667 14 28 0.5000 
Satt491 E 85.2 5 0 0 0.0000 0 0 0.0000 
Satt204 E 100.6 1 15 28 0.5357 0.63 8 30 0.2667 0.65 
Satt204 E 100.6 2 0 0 0.0000 0 0 0.0000 
Satt204 E 100.6 3 5 28 0.1786 2 30 0.0667 
Satt204 E 100.6 4 2 28 0.0714 15 30 0.5000 
Satt204 E 100.6 5 6 28 0.2143 5 30 0.1667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
11 22 0.5000 0.57 15 30 0.5000 0.56 9 30 0.3000 0.42 
9 22 0.4091 13 30 0.4333 21 30 0.7000 
0 0 0.0000 1 30 0.0333 0 0 0.0000 
2 22 0.0909 1 30 0.0333 0 0 0.0000 
15 26 0.5769 0.49 13 30 0.4333 0.49 22 30 0.7333 0.39 
11 26 0.4231 17 30 0.5667 8 30 0.2667 
0 0 0.0000 0.79 2 28 0.0714 0.70 0 0 0.0000 0.70 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 8 28 0.2857 6 28 0.2143 
2 22 0.0909 4 28 0.1429 3 28 0.1071 
0 0 0.0000 0 0 0.0000 4 28 0.1429 
2 22 0.0909 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 2 28 0.0714 
2 22 0.0909 12 28 0.4286 13 28 0.4643 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 22 0.1818 0 0 0.0000 0 0 0.0000 
2 22 0.0909 0 0 0.0000 0 0 0.0000 
8 22 0.3636 2 28 0.0714 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 22 0.0909 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.49 0 0 0.0000 0.56 0 0 0.0000 0.32 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
11 26 0.4231 14 30 0.4667 6 30 0.2000 
15 26 0.5769 14 30 0.4667 24 30 0.8000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 24 0.2500 0.73 4 30 0.1333 0.68 2 30 0.0667 0.60 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 24 0.3333 14 30 0.4667 10 30 0.3333 
3 24 0.1250 6 30 0.2000 2 30 0.0667 
7 24 0.2917 6 30 0.2000 16 30 0.5333 
Table A2 (continued) 
Satt204 E 100.6 6 0 
Satt355 E 102.2 1 0 
Satt355 E 102.2 2 22 
Satt355 E 102.2 3 8 
Satt355 E 102.2 7 0 
Satt230 E 137.8 1 30 
Satt230 E 137.8 2 0 
Sattl46 F 0.0 1 14 
Sattl46 F 0.0 2 2 
Sattl46 F 0.0 3 0 
Sattl46 F 0.0 4 4 
Sattl 46 F 0.0 5 10 
Sattl46 F 0.0 6 0 
Sattl 46 F 0.0 7 0 
Sattl46 F 0.0 8 0 
Satt343 F 1.7 1 6 
Satt343 F 1.7 2 2 
Satt343 F 1.7 3 14 
Satt343 F 1.7 4 8 
Satt343 F 1.7 5 0 
Satt343 F 1.7 6 0 
Satt252 F 16.2 1 0 
Satt252 F 16.2 2 16 
Satt252 F 16.2 3 10 
Satt252 F 16.2 4 2 
Satt252 F 16.2 5 2 
Satt516 F 50.7 1 2 
Satt516 F 50.7 2 0 
Satt516 F 50.7 3 24 
Satt516 F 50.7 4 4 
SattS 16 F 50.7 5 0 
Satt425 F 56.4 1 1 
Satt425 F 56.4 2 29 
Satt425 F 56.4 3 0 
Satt425 F 56.4 4 0 
Satt425 F 56.4 5 0 
Sattl 14 F 80.6 1 0 
Sattl 14 F 80.6 2 9 
Sattl 14 F 80.6 3 0 
Sattl 14 F 80.6 4 4 
Sattl 14 F 80.6 5 17 
0.0000 0 0 0.0000 
0.0000 0.39 6 26 0.2308 0.60 
0.7333 14 26 0.5385 
0.2667 6 26 0.2308 
0.0000 0 0 0.0000 
1.0000 0.00 22 26 0.8462 0.26 
0.0000 4 26 0.1538 
0.4667 0.65 16 30 0.5333 0.61 
0.0667 2 30 0.0667 
0.0000 0 0 0.0000 
0.1333 3 30 0.1000 
0.3333 9 30 0.3000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.2000 0.67 6 30 0.2000 0.62 
0.0667 4 30 0.1333 
0.4667 17 30 0.5667 
0.2667 1 30 0.0333 
0.0000 2 30 0.0667 
0.0000 0 0 0.0000 
0.0000 0.60 0 0 0.0000 0.38 
0.5333 23 30 0.7667 
0.3333 3 30 0.1000 
0.0667 4 30 0.1333 
0.0667 0 0 0.0000 
0.0667 0.34 6 30 0.2000 0.64 
0.0000 4 30 0.1333 
0.8000 16 30 0.5333 
0.1333 4 30 0.1333 
0.0000 0 0 0.0000 
0.0333 0.06 1 26 0.0385 0.07 
0.9667 25 26 0.9615 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.57 6 26 0.2308 0.73 
0.3000 8 26 0.3077 
0.0000 0 0 0.0000 
0.1333 8 26 0.3077 










































0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.47 8 30 0.2667 0.55 2 30 0.0667 0.56 
16 26 0.6154 18 30 0.6000 14 30 0.4667 
10 26 0.3846 4 30 0.1333 14 30 0.4667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
26 26 1.0000 0.00 30 30 1.0000 0.00 30 30 1.0000 0.00 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
18 24 0.7500 0.40 2 28 0.0714 0.26 0 0 0.0000 0.12 
0 0 0.0000 24 28 0.8571 28 30 0.9333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 24 0.0833 0 0 0.0000 0 0 0.0000 
4 24 0.1667 0 0 0.0000 2 30 0.0667 
0 0 0.0000 2 28 0.0714 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.39 4 30 0.1333 0.48 1 30 0.0333 0.18 
20 26 0.7692 3 30 0.1000 2 30 0.0667 
2 26 0.0769 2 30 0.0667 0 0 0.0000 
2 26 0.0769 21 30 0.7000 27 30 0.9000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.14 0 0 0.0000 0.12 0 0 0.0000 0.07 
24 26 0.9231 28 30 0.9333 25 26 0.9615 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0 0 0.0000 1 26 0.0385 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0.48 1 28 0.0357 0.54 0 0 0.0000 0.41 
3 26 0.1154 8 28 0.2857 8 28 0.2857 
18 26 0.6923 17 28 0.6071 20 28 0.7143 
0 0 0.0000 2 28 0.0714 0 0 0.0000 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.38 0 0 0.0000 0.19 0 0 0.0000 0.23 
18 24 0.7500 25 28 0.8929 26 30 0.8667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 24 0.2500 3 28 0.1071 4 30 0.1333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 26 0.1154 0.72 0 0 0.0000 0.62 0 0 0.0000 0.61 
8 26 0.3077 12 26 0.4615 5 30 0.1667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
7 26 0.2692 4 26 0.1538 15 30 0.5000 
8 26 0.3077 10 26 0.3846 10 30 0.3333 
Table A2 (continued) 
Sattl 14 F 80.6 6 0 
Satt334 F 95.0 1 0 
Satt334 F 95.0 2 0 
Satt334 F 95.0 3 4 
Satt334 F 95.0 4 16 
Satt334 F 95.0 5 0 
Sat_120 F 113.3 4 1 
Sat_120 F 113.3 5 8 
Sat_120 F 113.3 6 6 
Sat_120 F 113.3 7 0 
Sat_120 F 113.3 8 7 
Sat_12j0 F 113.3 9 0 
Sat_120 F 113.3 10 6 
Sat_120 F 113.3 11 0 
Sat_120 F 113.3 12 0 
Sat_120 F 113.3 13 2 
Sat_120 F 113.3 14 0 
Sat_120 F 113.3 18 0 
Satt510 F 114.8 1 7 
SattSIO F 114.8 2 4 
SattSIO F 114.8 3 0 
SattSIO F 114.8 4 17 
SattSIO F 114.8 5 2 
Satt335 F 126.2 1 7 
Satt335 F 126.2 2 23 
Satt335 F 126.2 3 0 
Sattl44 F 157.8 2 13 
Sattl 44 F 157.8 3 17 
Sattl44 F 157.8 4 0 
Satt395 F 178.2 1 30 
Satt395 F 178.2 2 0 
Satt395 F 178.2 3 0 
Sat_074 F 181.8 1 0 
Sat_074 F 181.8 2 2 
Sat_074 F 181.8 3 0 
Sat_074 F 181.8 4 0 
Sat_074 F 181.8 6 0 
Sat_074 F 181.8 7 0 
Sat_074 F 181.8 8 6 
Sat_074 F 181.8 9 0 
Sat_074 F 181.8 10 0 
0.0000 0 0 0.0000 
0.0000 0.32 0 0 0.0000 0.64 
0.0000 4 20 0.2000 
0.2000 8 20 0.4000 
0.8000 8 20 0.4000 
0.0000 0 0 0.0000 
0.0333 0.79 0 0 0.0000 0.60 
0.2667 10 30 0.3333 
0.2000 16 30 0.5333 
0.0000 0 0 0.0000 
0.2333 2 30 0.0667 
0.0000 2 30 0.0667 
0.2000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0667 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.2333 0.60 16 28 0.5714 0.57 
0.1333 4 28 0.1429 
0.0000 0 0 0.0000 
0.5667 8 28 0.2857 
0.0667 0 0 0.0000 
0.2333 0.36 16 30 0.5333 0.50 
0.7667 14 30 0.4667 
0.0000 0 0 0.0000 
0.4333 0.49 8 30 0.2667 0.39 
0.5667 22 30 0.7333 
0.0000 0 0 0.0000 
1.0000 0.00 26 26 1.0000 0.00 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.72 0 0 0.0000 0.84 
0.0667 4 28 0.1429 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 4 28 0.1429 
0.0000 0 0 0.0000 
0.2000 2 28 0.0714 
0.0000 0 0 0.0000 










































0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.66 0 0 0.0000 0.26 0 0 0.0000 0.50 
2 20 0.1000 0 0 0.0000 0 0 0.0000 
10 20 0.5000 4 26 0.1538 8 28 0.2857 
4 20 0.2000 22 26 0.8462 18 28 0.6429 
4 20 0.2000 0 0 0.0000 2 28 0.0714 
0 0 0.0000 0.36 0 0 0.0000 0.70 0 0 0.0000 0.71 
6 26 0.2308 10 30 0.3333 0 0 0.0000 
20 26 0.7692 4 30 0.1333 4 30 0.1333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 6 30 0.2000 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
0 0 0.0000 12 30 0.4000 14 30 0.4667 
0 0 0.0000 2 30 0.0667 2 30 0.0667 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
23 26 0.8846 0.21 2 28 0.0714 0.55 0 0 0.0000 0.39 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 26 0.0385 15 28 0.5357 22 30 0.7333 
0 0 0.0000 11 28 0.3929 8 30 0.2667 
19 26 0.7308 0.39 4 30 0.1333 0.23 2 30 0.0667 0.12 
7 26 0.2692 26 30 0.8667 28 30 0.9333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 26 0.3077 0.43 18 26 0.6923 0.43 9 30 0.3000 0.42 
18 26 0.6923 8 26 0.3077 21 30 0.7000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
22 22 1.0000 0.00 24 24 1.0000 0.00 22 22 1.0000 0.00 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.38 2 26 0.0769 0.80 0 0 0.0000 0.70 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 6 26 0.2308 7 28 0.2500 
6 24 0.2500 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 6 26 0.2308 0 0 0.0000 
Table A2 (continued) 
Sat_074 F 181.8 U 12 
Sat_074 F 181.8 12 0 
Sat_074 F 181.8 13 0 
Sat_074 F 181.8 14 2 
Sat_074 F 181.8 15 8 
Sat_074 F 181.8 16 0 
Satt038 G 0.0 1 0 
Satt038 G 0.0 2 0 
Satt038 G 0.0 3 1 
Satt038 G 0.0 4 14 
Satt038 G 0.0 5 9 
Satt038 G 0.0 6 1 
Satt038 G 0.0 7 5 
Satt309 G 1.9 1 0 
Satt309 G 1.9 2 0 
Satt309 G 1.9 3 0 
Satt309 G 1.9 4 1 
Satt309 G 1.9 5 9 
Satt309 G 1.9 6 0 
Satt309 G 1.9 7 5 
Satt309 G 1.9 8 0 
Satt309 G 1.9 9 0 
Satt309 G 1.9 10 2 
Satt309 G 1.9 11 11 
Satt309 G 1.9 12 0 
Satt309 G 1.9 13 0 
Satt309 G 1.9 14 0 
Satt309 G 1.9 15 0 
Satt324 G 25.9 1 13 
Satt324 G 25.9 2 11 
Satt324 G 25.9 3 6 
Satt394 G 51.6 1 8 
Satt394 G 51.6 2 5 
Satt394 G 51.6 3 8 
Satt394 G 51.6 4 9 
Satt594 G 61.3 1 20 
Satt594 G 61.3 2 0 
Satt594 G 61.3 3 0 
Satt594 G 61.3 4 8 
Satt594 G 61.3 5 2 
Satt594 G 61.3 6 0 
0.4000 8 28 0.2857 
0.0000 2 28 0.0714 
0.0000 2 28 0.0714 
0.0667 0 0 0.0000 
0.2667 4 28 0.1429 
0.0000 0 0 0.0000 
0.0000 0.66 0 0 0.0000 0.68 
0.0000 0 0 0.0000 
0.0333 4 30 0.1333 
0.4667 12 30 0.4000 
0.3000 2 30 0.0667 
0.0333 1 30 0.0333 
0.1667 11 30 0.3667 
0.0000 0.70 0 0 0.0000 0.82 
0.0000 1 28 0.0357 
0.0000 0 0 0.0000 
0.0357 1 28 0.0357 
0.3214 9 28 0.3214 
0.0000 3 28 0.1071 
0.1786 3 28 0.1071 
0.0000 3 28 0.1071 
0.0000 2 28 0.0714 
0.0714 1 28 0.0357 
0.3929 5 28 0.1786 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.4333 0.64 13 26 0.5000 0.59 
0.3667 3 26 0.1154 
0.2000 10 26 0.3846 
0.2667 0.74 7 30 0.2333 0.74 
0.1667 6 30 0.2000 
0.2667 9 30 0.3000 
0.3000 8 30 0.2667 
0.6667 0.48 28 30 0.9333 0.12 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.2667 0 0 0.0000 
0.0667 2 30 0.0667 















































































































































































































































































































































































































Table A2 (continued) 
Satt340 G 77.4 
Satt340 G 77.4 
Satt340 G 77.4 
àatt340 G 77.4 
Satt505 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Satt505 G 100.1 
Sattl 99 G 100.8 
Sattl 99 G 100.8 
Sattl 99 G 100.8 
Satt517 G 103.2 
Satt517 G 103.2 
Satt517 G 103.2 
Satt517 G 103.2 
Satt517 G 103.2 
Satt517 G 103.2 
Sat_117 G 138.4 
Sat_117 G 138.4 
Sat_117 G 138.4 
Sat_l 17 G 138.4 
Sat_117 G 138.4 
Sat_l 17 G 138.4 
Sat_117 G 138.4 
Sat_l 17 G 138.4 
Set_187 G 155.7 
Sct_l 87 G 155.7 
Sct_187 G 155.7 
Sct_187 G 155.7 
Satt568 H 27.6 
Satt568 H 27.6 
Sattl 92 H 41.1 
Sattl92 H 41.1 
Sattl 92 H 41.1 
Sattl92 H 41.1 
Sattl 92 H 41.1 
Satt469 H 68.5 
Satt469 H 68.5 
1 0 0 0.0000 0.23 0 0 0.0000 0.44 
2 26 30 0.8667 20 30 0.6667 
3 4 30 0.1333 10 30 0.3333 
4 0 0 0.0000 0 0 0.0000 
1 0 0 0.0000 0.29 0 0 0.0000 0.54 
2 23 28 0.8214 16 28 0.5714 
3 5 28 0.1786 10 28 0.3571 
4 0 0 0.0000 2 28 0.0714 
5 0 0 0.0000 0 0 0.0000 
6 0 0 0.0000 0 0 0.0000 
7 0 0 0.0000 0 0 0.0000 
1 24 28 0.8571 0.24 21 28 0.7500 0.38 
2 0 0 0.0000 0 0 0.0000 
3 4 28 0.1429 7 28 0.2500 
1 0 0 0.0000 0.54 0 0 0.0000 0.65 
2 18 30 0.6000 15 30 0.5000 
3 3 30 0.1000 6 30 0.2000 
4 0 0 0.0000 2 30 0.0667 
5 9 30 0.3000 7 30 0.2333 
6 0 0 0.0000 0 0 0.0000 
1 0 0 0.0000 0.55 0 0 0.0000 0.61 
2 0 0 0.0000 0 0 0.0000 
3 18 30 0.6000 16 30 0.5333 
4 0 0 0.0000 0 0 0.0000 
5 8 30 0.2667 9 30 0.3000 
6 4 30 0.1333 1 30 0.0333 
7 0 o • ' 0.0000 4 30 0.1333 
8 0 0 0.0000 0 0 0.0000 
2 8 28 0.2857 0.41 3 30 0.1000 0.18 
3 0 0 0.0000 0 0 0.0000 
4 0 0 0.0000 0 0 0.0000 
5 20 28 0.7143 27 30 0.9000 
1 0 0 0.0000 0.00 0 0 0.0000 0.00 
2 30 30 1.0000 30 30 1.0000 
1 25 30 0.8333 0.29 6 22 0.2727 0.72 
2 3 30 0.1000 2 22 0.0909 
3 0 0 0.0000 9 22 0.4091 
4 2 30 0.0667 3 22 0.1364 
5 0 0 0.0000 2 22 0.0909 
1 15 28 0.5357 0.50 27 30 0.9000 0.18 
2 13 28 0.4643 3 30 0.1000 
0 0 0.0000 0.38 0 0 0.0000 0.28 0 0 0.0000 0.23 
18 24 0.7500 25 30 0.8333 26 30 0.8667 
6 24 0.2500 5 30 0.1667 4 30 0.1333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.40 0 0 0.0000 0.23 0 0 0.0000 0.49 
18 24 0.7500 26 30 0.8667 17 30 0.5667 
2 24 0.0833 4 30 0.1333 13 30 0.4333 
4 24 0.1667 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
18 26 0.6923 0.43 21 28 0.7500 0.38 15 30 0.5000 0.50 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 26 0.3077 7 28 0.2500 15 30 0.5000 
0 0 0.0000 0.61 2 30 0.0667 0.56 1 30 0.0333 0.30 
13 26 0.5000 19 30 0.6333 25 30 0.8333 
4 26 0.1538 2 30 0.0667 2 30 0.0667 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
9 26 0.3462 5 30 0.1667 0 0 0.0000 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0.50 0 0 0.0000 0.68 0 0 0.0000 0.73 
0 0 0.0000 2 26 0.0769 0 0 0.0000 
16 24 0.6667 5 26 0.1923 4 24 0.1667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 24 0.1667 11 26 0.4231 9 24 0.3750 
0 0 0.0000 8 26 0.3077 6 24 0.2500 
4 24 0.1667 0 0 0.0000 5 24 0.2083 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 24 0.0833 0.15 2 30 0.0667 0.12 0 0 0.0000 O.OO 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
22 24 0.9167 28 30 0.9333 30 30 1.0000 
0 0 0.0000 0.00 0 0 0.0000 0.00 0 0 0.0000 O.OO 
26 26 1.0000 30 30 1.0000 30 30 1.0000 
4 24 0.1667 0.64 20 30 0.6667 0.48 22 30 0.7333 0.41 
1 24 0.0417 8 30 0.2667 7 30 0.2333 
7 24 0.2917 2 30 0.0667 1 30 0.0333 
12 24 0.5000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
26 26 1.0000 0.00 29 30 0.9667 0.06 30 30 1.0000 O.OO 
0 0 0.0000 1 30 0.0333 0 0 0.0000 
Table A2 (continued) 
SatO 14 H 77.3 
Satt314 H 77.3 
Satt314 H 77.3 
Satt314 H 77.3 
Satt314 H 77.3 
Satt302 H 110.4 
Satt302 H 110.4 
Satt302 H 110.4 
Satt302 H 110.4 
Satt317 H 128.4 
Satt317 H 128.4 
Satt317 H 128.4 
Satt317 H 128.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt434 H 152.4 
Satt571 I 2.4 
Satt571 I 2.4 
Satt571 I 2.4 
Satt571 I 2.4 
Sattl27 I 15.5 
Sattl27 I 15.5 
Sattl27 I 15.5 
Sattl27 I 15.5 
Satt239 I 25.3 
Satt239 I 25.3 
Satt239 I 25.3 
Satt239 I 25.3 
Satt239 I 25.3 
Satt239 I 25.3 
Satt270 I 57.9 
Satt270 I 57.9 
Satt270 I 57.9 
Satt270 I 57.9 
Satt270 I 57.9 
Sattl 48 I 84.5 
1 0 0 0.0000 0.49 0 0 0.0000 0.39 
2 0 0 0.0000 0 0 0.0000 
3 17 30 0.5667 22 30 0.7333 
4 13 30 0.4333 8 30 0.2667 
5 0 0 0.0000 0 0 0.0000 
1 0 0 0.0000 0.32 0 0 0.0000 0.41 
2 24 30 0.8000 20 28 0.7143 
3 6 30 0.2000 8 28 0.2857 
4 0 0 0.0000 0 0 0.0000 
1 0 0 0.0000 0.50 0 0 0.0000 0.46 
2 20 30 0.6667 21 30 0.7000 
3 4 30 0.1333 3 30 0.1000 
4 6 30 0.2000 6 30 0.2000 
1 0 0 0.0000 0.51 0 0 0.0000 0.43 
2 2 20 0.1000 0 0 0.0000 
3 5 20 0.2500 4 22 0.1818 
4 0 0 0.0000 0 0 0.0000 
5 0 0 0.0000 0 0 0.0000 
6 0 0 0.0000 0 0 0.0000 
7 13 20 0.6500 16 22 0.7273 
8 0 0 0.0000 2 22 0.0909 
1 0 0 0.0000 0.65 0 0 0.0000 0.38 
2 10 30 0.3333 4 30 0.1333 
3 13 30 0.4333 23 30 0.7667 
4 7 30 0.2333 3 30 0.1000 
1 0 0 0.0000 0.28 0 0 0.0000 0.12 
2 0 0 0.0000 0 0 0.0000 
3 5 30 0.1667 2 30 0.0667 
4 25 30 0.8333 28 30 0.9333 
1 16 30 0.5333 0.59 18 30 0.6000 0.58 
2 4 30 . • 0.1333 2 30 0.0667 
3 0 0 0.0000 0 0 0.0000 
4 0 0 0.0000 0 0 0.0000 
5 10 30 0.3333 6 30 0.2000 
6 0 0 0.0000 4 30 0.1333 
1 2 30 0.0667 0.56 4 26 0.1538 0.57 
2 13 30 0.4333 7 26 0.2692 
3 15 30 0.5000 15 26 0.5769 
4 0 0 0.0000 0 0 0.0000 
5 0 0 0.0000 0 0 0.0000 
1 0 0 0.0000 0.32 0 0 0.0000 0.61 
0 0 0.0000 0.39 0 0 0.0000 0.49 0 0 0.0000 0.39 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
19 26 0.7308 17 30 0.5667 8 30 0.2667 
7 26 0.2692 13 30 0.4333 22 30 0.7333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.62 0 0 0.0000 0.36 0 0 0.0000 0.46 
10 24 0.4167 23 30 0.7667 19 30 0.6333 
4 24 0.1667 7 30 0.2333 11 30 0.3667 
10 24 0.4167 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.50 0 0 0.0000 0.46 0 0 0.0000 0.50 
16 24 0.6667 18 28 0.6429 14 26 0.5385 
4 24 0.1667 10 28 0.3571 12 26 0.4615 
4 24 0.1667 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.17 0 0 0.0000 0.20 0 0 0.0000 0.09 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 28 0.0714 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 1 28 0.0357 1 22 0.0455 
20 22 0.9091 25 28 0.8929 21 22 0.9545 
2 22 0.0909 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.31 0 0 0.0000 0.42 2 30 0.0667 0.39 
0 0 0.0000 2 30 0.0667 1 30 0.0333 
21 26 0.8077 6 30 0.2000 4 30 0.1333 
5 26 0.1923 22 30 0.7333 23 30 0.7667 
3 24 0.1250 0.62 0 0 0.0000 0.48 0 0 0.0000 0.53 
13 24 0.5417 12 30 0.4000 7 30 0.2333 
2 24 0.0833 0 0 0.0000 4 30 0.1333 
6 24 0.2500 18 30 0.6000 19 30 0.6333 
2 26 0.0769 0.58 2 30 0.0667 0.56 2 30 0.0667 0.48 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 8 30 0.2667 4 30 0.1333 
16 26 0.6154 0 0 0.0000 1 30 0.0333 
4 26 0.1538 18 30 0.6000 21 30 0.7000 
2 26 0.0769 2 30 0.0667 2 30 0.0667 
0 0 0.0000 0.57 1 28 0.0357 0.20 9 30 0.3000 0.50 
2 26 0.0769 2 28 0.0714 0 0 0.0000 
11 26 0.4231 25 28 0.8929 19 30 0.6333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
13 26 0.5000 0 0 0.0000 2 30 0.0667 
0 0 0.0000 0.49 0 0 0.0000 0.13 0 0 0.0000 0.34 
Table A2 (continued) 
Sattl48 84.5 2 24 30 0.80(50 15 30 0.5000 
Sattl 48 84.5 3 6 30 0.2000 10 30 0.3333 
Sattl 48 84.5 4 0 0 0.0000 5 30 0.1667 
Sattl 48 84.5 5 0 0 0.0000 0 0 0.0000 
Satt440 114.2 1 10 28 0.3571 0.46 12 28 0.4286 0.65 
Satt440 114.2 2 18 28 0.6429 8 28 0.2857 
Satt440 114.2 3 0 0 0.0000 8 28 0.2857 
Satt440 114.2 4 0 0 0.0000 0 0 0.0000 
Satt440 114.2 5 0 0 0.0000 0 0 0.0000 
Satt285 19.5 1 0 0 0.0000 0.48 0 0 0.0000 0.18 
Satt285 19.5 2 0 0 0.0000 0 0 0.0000 
Satt285 19.5 3 0 0 0.0000 0 0 0.0000 
Satt285 19.5 4 18 30 0.6000 27 30 0.9000 
Satt28S 19.5 5 12 30 0.4000 3 30 0.1000 
Satt596 63.6 1 2 30 0.0667 0.48 0 0 0.0000 0.65 
Satt596 63.6 2 0 0 0.0000 0 0 0.0000 
Satt596 63.6 3 0 0 0.0000 4 30 0.1333 
Satt596 63.6 4 20 30 0.6667 10 30 0.3333 
Satt596 63.6 5 8 30 0.2667 14 30 0.4667 
Satt596 63.6 6 0 0 0.0000 2 30 0.0667 
Satt596 63.6 7 0 0 0.0000 0 0 0.0000 
Sattl 32 69.7 1 23 30 0.7667 0.36 20 28 0.7143 0.41 
Sattl 32 69.7 3 7 30 0.2333 8 28 0.2857 
Satt529 74.4 1 26 30 0.8667 0.24 20 30 0.6667 0.50 
Satt529 74.4 2 2 30 0.0667 0 0 0.0000 
SattS29 74.4 4 2 30 0.0667 4 30 0.1333 
Satt529 74.4 6 0 0 0.0000 6 30 0.2000 
Sct_001 75.8 1 8 30 0.2667 0.39 5 26 0.1923 0.31 
Sct_001 75.8 2 22 30 0.7333 21 26 0.8077 
Satt244 105.5 1 0 0 0.0000 0.54 0 0 0.0000 0.70 
Satt244 105.5 2 0 0 0.0000 0 0 0.0000 
Satt244 105.5 3 0 0 0.0000 0 0 0.0000 
Satt244 105.5 4 0 0 0.0000 0 0 0.0000 
Satt244 105.5 5 2 28 0.0714 13 30 0.4333 
Satt244 105.5 6 0 0 0.0000 0 0 0.0000 
Satt244 105.5 9 16 28 0.5714 6 30 0.2000 
Satt244 105.5 10 0 0 0.0000 4 30 0.1333 
Satt244 105.5 11 10 28 0.3571 7 30 0.2333 
Satt244 105.5 13 0 0 0.0000 0 0 0.0000 
Satt431 118.0 1 3 30 0.1000 0.77 6 30 0.2000 0.76 
Satt431 118.0 2 8 30 0.2667 7 30 0.2333 
14 24 0.5833 26 28 0.9286 22 28 0.7857 
10 24 0.4167 2 28 0.0714 6 28 0.2143 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
16 26 0.6154 0.54 1 30 0.0333 0.29 2 30 0.0667 0.55 
6 26 0.2308 25 30 0.8333 16 30 0.5333 
4 26 0.1538 4 30 0.1333 12 30 0.4000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.50 0 0 0.0000 0.48 0 0 0.0000 0.44 
12 26 0.4615 8 30 0.2667 10 30 0.3333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
14 26 0.5385 20 30 0.6667 20 30 0.6667 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
1 26 0.0385 0.67 0 0 0.0000 0.61 0 0 0.0000 0.53 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 2 30 0.0667 1 30 0.0333 
12 26 0.4615 2 30 0.0667 1 30 0.0333 
8 26 0.3077 14 30 0.4667 10 30 0.3333 
0 0 0.0000 12 30 0.4000 18 30 0.6000 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
18 24 0.7500 0.38 16 30 0.5333 0.50 20 30 0.6667 0.44 
6 24 0.2500 14 30 0.4667 10 30 0.3333 
22 26 0.8462 0.27 28 30 0.9333 0.12 29 30 0.9667 0.06 
3 26 0.1154 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0 0 0.0000 1 30 0.0333 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
8 26 0.3077 0.43 21 26 0.8077 0.31 25 30 0.8333 0.28 
18 26 0.6923 5 26 0.1923 5 30 0.1667 
0 0 0.0000 0.54 0 0 0.0000 0.15 0 0 0.0000 0.35 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
16 26 0.6154 0 0 0.0000 4 18 0.2222 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 26 0.2308 22 24 0.9167 14 18 0.7778 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 24 0.0833 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0.70 0 0 0.0000 0.65 0 0 0.0000 0.68 
12 26 0.4615 13 30 0.4333 8 30 0.2667 
Table A2 (continued) 
Satt431 J 118.0 3 10 
Satt431 J 118.0 5 3 
Satt431 J 118.0 6 0 
Satt431 J 118.0 7 1 
Satt431 J 118.0 8 5 
Satt539 K 4.3 1 24 
Satt539 K 4.3 2 6 
Satt539 K 4.3 3 0 
Satt539 K 4.3 4 0 
Sat_087 K 7.3 1 0 
Sat_087 K 7.3 2 0 
Sat_087 K 7.3 3 0 
Sat_087 K 7.3 4 0 
Sat_087 K 7.3 5 0 
Sat_087 K 7.3 6 0 
Sat_087 K 7.3 7 0 
Sat_087 K 7.3 8 0 
Sat_087 K 7.3 9 0 
Sat_087 K 7.3 10 12 
Sat_087 K 7.3 11 0 
Sat_087 K 7.3 12 10 
Sat_087 K 7.3 13 0 
Sat_087 K 7.3 14 2 
Sat_087 K 7.3 15 4 
Sat_087 K 7.3 16 2 
Sat_087 K 7.3 17 0 
Sat_087 K 7.3 18 0 
Sat_119 K 20.3 1 0 
Sat_l 19 K 20.3 2 0 
Sat_l 19 K 20.3 3 0 
Sat_l 19 K 20.3 4 0 
Sat_l 19 K 20.3 5 2 
Sat_l 19 K 20.3 6 0 
Sat_119 K 20.3 7 4 
Sat_l 19 K 20.3 8 0 
Sat_l 19 K 20.3 9 14 
Sat_l 19 K 20.3 10 10 
Sat_119 K 20.3 11 0 
Sat_l 19 K 20.3 12 0 
Sat_l 19 K 20.3 13 0 
Sat 119 K 20.3 14 0 
0.3333 10 30 0.3333 
0.1000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0333 2 30 0.0667 
0.1667 5 30 0.1667 
0.8000 0.32 20 28 0.7143 0.41 
0.2000 8 28 0.2857 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.70 0 0 0.0000 0.83 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 2 26 0.0769 
0.0000 0 0 0.0000 
0.0000 4 26 0.1538 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.4000 6 26 0.2308 
0.0000 1 26 0.0385 
0.3333 2 26 0.0769 
0.0000 0 0 0.0000 
0.0667 2 26 0.0769 
0.1333 0 0 0.0000 
0.0667 7 26 0.2692 
0.0000 2 26 0.0769 
0.0000 0 0 0.0000 
0.0000 0.65 0 0 0.0000 0.63 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0667 2 26 0.0769 
0.0000 0 0 0.0000 
0.1333 4 26 0.1538 
0.0000 0 0 0.0000 
0.4667 6 26 0.2308 
0.3333 14 26 0.5385 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 










































6 26 0.2308 9 30 0.3000 12 30 0.4000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 8 30 0.2667 9 30 0.3000 
1 26 0.0385 0 0 0.0000 1 30 0.0333 
14 26 0.5385 0.50 9 30 0.3000 0.42 15 30 0.5000 0.50 
12 26 0.4615 21 30 0.7000 15 30 0.5000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.88 0 0 0.0000 0.69 0 0 0.0000 0.76 
0 0 0.0000 1 28 0.0357 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
4 26 0.1538 12 28 0.4286 4 30 0.1333 
4 26 0.1538 3 28 0.1071 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0 0 0.0000 8 30 0.2667 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
1 26 0.0385 9 28 0.3214 4 30 0.1333 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 3 28 0.1071 4 30 0.1333 
2 26 0.0769 0 0 0.0000 10 30 0.3333 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.71 0 0 0.0000 0.74 0 0 0.0000 0.65 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 12 30 0.4000 7 30 0.2333 
2 26 0.0769 4 30 0.1333 6 30 0.2000 
2 26 0.0769 2 30 0.0667 0 0 0.0000 
1 26 0.0385 2 30 0.0667 0 0 0.0000 
6 26 0.2308 2 30 0.0667 0 0 0.0000 
12 26 0.4615 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
0 0 0.0000 8 30 0.2667 15 30 0.5000 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Sattl 78 K 55.1 1 25 
Sattl 78 K 55.1 2 0 
Sattl 78 K 55.1 3 5 
Sattl 78 K 55.1 4 0 
Sattl 78 K 55.1 5 0 
Sattl 78 K 55.1 6 0 
Satt544 K 72.8 1 5 
Satt544 K 72.8 3 12 
Satt544 K 72.8 4 9 
Satt544 K 72.8 5 4 
Satt544 K 72.8 6 0 
Satt544 K 72.8 7 0 
Satt544 K 72.8 8 0 
Satt559 K 85.2 l 0 
Satt559 K 85.2 3 0 
Satt559 K 85.2 4 0 
Satt559 K 85.2 5 0 
Satt559 K 85.2 6 0 
Satt559 K 85.2 7 0 
Satt559 K 85.2 8 0 
Satt559 K 85.2 9 16 
Satt559 K 85.2 10 0 
Satt559 K 85.2 13 0 
Satt559 K 85.2 14 12 
Satt559 K 85.2 15 0 
Satt559 K 85.2 16 0 
Satt559 K 85.2 17 0 
Satt559 K 85.2 18 0 
Satt559 K 85.2 19 0 
Satt559 K 85.2 20 2 
Satt559 K 85.2 21 0 
Satt559 K 85.2 22 0 
Satt559 K 85.2 24 0 
Satt559 K. 85.2 25 0 
Satt559 K 85.2 26 0 
Satt559 K 85.2 28 0 
Satt559 K 85.2 29 0 
Satt559 K 85.2 30 0 
Satt273 K 120.0 1 0 
Satt273 K 120.0 2 0 
Satt273 K 120.0 3 0 
0.8333 0.28 28 30 0.9333 0.12 
0.0000 0 0 0.0000 
0.1667 2 30 0.0667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.1667 0.70 15 30 0.5000 0.65 
0.4000 7 30 0.2333 
0.3000 6 30 0.2000 
0.1333 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 2 30 0.0667 
0.0000 0 0 0.0000 
0.0000 0.55 0 0 0.0000 0.52 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.5333 20 30 0.6667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.4000 2 30 0.0667 
0.0000 5 30 0.1667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 1 30 0.0333 
0.0667 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 2 30 0.0667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.56 2 28 0.0714 0.65 
0.0000 0 0 0.0000 










































18 26 0.6923 0.43 
0 0 0.0000 
0 0 0.0000 
8 26 0.3077 
0 0 0.0000 
0 0 0.0000 
10 26 0.3846 0.72 
0 0 0.0000 
4 26 0.1538 
2 26 0.0769 
2 26 0.0769 
8 26 0.3077 
0 0 0.0000 
0 0 0.0000 0.63 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
12 26 0.4615 
0 0 0.0000 
0 0 0.0000 
10 26 0.3846 
2 26 0.0769 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
2 26 0.0769 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 0.52 
2 24 0.0833 
0 0 0.0000 
30 30 1.0000 0.00 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
26 30 0.8667 0.23 
4 30 0.1333 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
2 28 0.0714 0.59 
0 0 0.0000 
1 28 0.0357 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
17 28 0.6071 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
4 28 0.1429 
0 0 0.0000 
2 28 0.0714 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
2 28 0.0714 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 0.55 
0 0 0.0000 
0 0 0.0000 
30 30 1.0000 0.00 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
25 30 0.8333 0.28 
0 0 0.0000 
5 30 0.1667 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 0.48 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
21 30 0.7000 
0 0 0.0000 
0 0 0.0000 
4 30 0.1333 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
2 30 0.0667 
2 30 0.0667 
0 0 0.0000 
1 30 0.0333 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
0 0 0.0000 
4 30 0.1333 0.53 
0 0 0.0000 
0 0 0.0000 
Table A2 (continued) 
Satt273 K 120.0 4 2 
Satt273 K 120.0 5 14 
Satt273 K 120.0 6 14 
Satt273 K 120.0 7 0 
Satt260 K 145.1 1 12 
Satt260 K 145.1 2 0 
Satt260 K 145.1 3 4 
Satt260 K 145.1 4 14 
Satt260 K 145.1 5 0 
Sattl 96 K 164.8 1 0 
Sattl 96 K 164.8 2 0 
Sattl 96 K 164.8 3 28 
Sattl 96 K 164.8 5 2 
Satt588 K 184.6 1 0 
Satt588 K 184.6 2 27 
Satt588 K 184.6 3 0 
Satt588 K 184.6 4 0 
Satt588 K 184.6 5 2 
Satt588 K 184.6 6 0 
Satt588 K 184.6 7 1 
Satt588 K 184.6 8 0 
Satt495 L 4.5 1 18 
Satt495 L 4.5 2 12 
Sattl 43 L 31.8 1 0 
Sattl 43 L 31.8 2 20 
Sattl 43 L 31.8 3 5 
Sattl 43 L 31.8 4 5 
Sattl 43 L 31.8 5 0 
Satt523 L 32.4 1 0 
Satt523 L 32.4 4 15 
Satt523 L 32.4 5 1 
Satt523 L 32.4 6 14 
Satt523 L 32.4 8 0 
Satt462 L 49.3 1 1 
Satt462 L 49.3 2 0 
Satt462 L 49.3 3 0 
Satt462 L 49.3 4 21 
Satt462 L 49.3 5 2 
Satt462 L 49.3 6 0 
Satt462 L 49.3 7 0 
Satt462 L 49.3 8 4 
0.0667 0 0 0.0000 
0.4667 7 28 0.2500 
0.4667 14 28 0.5000 
0.0000 0 0 0.0000 
0.4000 0.60 19 28 0.6786 0.46 
0.0000 0 0 0.0000 
0.1333 I 28 0.0357 
0.4667 8 28 0.2857 
0.0000 0 0 0.0000 
0.0000 0.12 0 0 0.0000 0.00 
0.0000 0 0 0.0000 
0.9333 30 30 1.0000 
0.0667 0 0 0.0000 
0.0000 0.18 0 0 0.0000 0.37 
0.9000 20 26 0.7692 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0667 1 26 0.0385 
0.0000 0 0 0.0000 
0.0333 5 26 0.1923 
0.0000 0 0 0.0000 
0.6000 0.48 10 30 0.3333 0.44 
0.4000 20 30 0.6667 
0.0000 0.50 0 0 0.0000 0.65 
0.6667 14 30 0.4667 
0.1667 4 30 0.1333 
0.1667 2 30 0.0667 
0.0000 10 30 0.3333 
0.0000 0.53 0 0 0.0000 0.63 
0.5000 6 30 0.2000 
0.0333 10 30 0.3333 
0.4667 14 30 0.4667 
0.0000 0 0 0.0000 
0.0333 0.48 0 0 0.0000 0.68 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.7000 12 30 0.4000 
0.0667 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 










































0 0 0.0000 12 30 0.4000 7 30 0.2333 
7 24 0.2917 2 30 0.0667 0 0 0.0000 
15 24 0.6250 16 30 0.5333 19 30 0.6333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 26 0.1154 0.54 0 0 0.0000 0.18 0 0 0.0000 0.00 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
7 26 0.2692 27 30 0.9000 30 30 1.0000 
16 26 0.6154 2 30 0.0667 0 0 0.0000 
0 0 0.0000 1 30 0.0333 0 0 0.0000 
0 0 0.0000 0.49 0 0 0.0000 0.18 0 0 0.0000 0.29 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
14 24 0.5833 27 30 0.9000 23 28 0.8214 
10 24 0.4167 3 30 0.1000 5 28 0.1786 
0 0 0.0000 0.65 0 0 0.0000 0.37 0 0 0.0000 0.63 
13 26 0.5000 22 28 0.7857 15 28 0.5357 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 2 28 0.0714 2 28 0.0714 
7 26 0.2692 0 0 0.0000 5 28 0.1786 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 2 28 0.0714 0 0 0.0000 
0 0 0.0000 2 28 0.0714 6 28 0.2143 
2 26 0.0769 0.14 9 28 0.3214 0.44 2 30 0.0667 0.12 
24 26 0.9231 19 28 0.6786 28 30 0.9333 
0 0 0.0000 0.52 0 0 0.0000 0.24 0 0 0.0000 0.50 
1 26 0.0385 2 30 0.0667 0 0 0.0000 
10 26 0.3846 26 30 0.8667 16 30 0.5333 
15 26 0.5769 2 30 0.0667 14 30 0.4667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.14 0 0 0.0000 0.12 2 30 0.0667 0.12 
24 26 0.9231 28 30 0.9333 28 30 0.9333 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.83 0 0 0.0000 0.50 0 0 0.0000 0.24 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
4 26 0.1538 6 30 0.2000 4 28 0.1429 
7 26 0.2692 0 0 0.0000 0 0 0.0000 
0 0 0.0000 4 30 0.1333 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 20 30 0.6667 24 28 0.8571 
Table A2 (continued) 
Satt462 L 49.3 9 2 
Satt462 L 49.3 10 0 
Satt462 L 49.3 11 0 
Satt462 L 49.3 12 0 
Sattl 56 L 65.8 1 0 
Sattl 56 L 65.8 2 0 
Sattl 56 L 65.8 3 0 
Sattl 56 L 65.8 4 30 
Sattl 56 L 65.8 5 0 
Sat_099 L 89.4 1 22 
Sat_099 L 89.4 2 2 
Sat_099 L 89.4 3 4 
Sat_099 L 89.4 4 2 
Sat_099 L 89.4 5 0 
Sat_099 L 89.4 6 0 
Sat_099 L 89.4 7 0 
Sat_099 L 89.4 8 0 
Satt373 L 118.0 1 0 
Satt373 L 118.0 2 2 
Satt373 L 118.0 3 0 
Satt373 L 118.0 4 0 
àatt373 L 118.0 5 0 
Satt373 L 118.0 6 20 
Satt373 L 118.0 7 8 
Satt373 L 118.0 8 0 
Satt373 L 118.0 9 0 
Satt513 L 118.6 1 0 
Satt513 L 118.6 2 19 
Satt513 L 118.6 3 0 
SattS 13 L 118.6 4 0 
Satt513 L 118.6 5 0 
Satt513 L 118.6 7 0 
SattS 13 L 118.6 8 11 
Satt590 M 12.4 1 0 
Satt590 M 12.4 2 0 
Satt590 M 12.4 3 0 
Satt590 M 12.4 4 4 
Satt590 M 12.4 5 0 
Satt590 M 12.4 6 15 
Satt590 M 12.4 7 0 
Satt590 M 12.4 8 0 
0.0667 2 30 0.0667 
0.0000 6 30 0.2000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.00 0 0 0.0000 0.00 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
1.0000 28 28 1.0000 
0.0000 0 0 0.0000 
0.7333 0.44 14 26 0.5385 0.56 
0.0667 10 26 0.3846 
0.1333 2 26 0.0769 
0.0667 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.48 0 0 0.0000 0.18 
0.0667 3 30 0.1000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.6667 27 30 0.9000 
0.2667 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.46 0 0 0.0000 0.46 
0.6333 19 30 0.6333 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.3667 11 30 0.3667 
0.0000 0.60 0 0 0.0000 0.65 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.1333 0 0 0.0000 
0.0000 1 30 0.0333 
0.5000 14 30 0.4667 
0.0000 6 30 0.2000 










































2 26 0.0769 0 0 0.0000 0 0 0.0000 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.00 0 0 0.0000 0.00 0 0 0.0000 0.00 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
24 24 1.0000 30 30 1.0000 30 30 1.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
10 24 0.4167 0.62 30 30 1.0000 0.00 28 30 0.9333 0.12 
10 24 0.4167 0 0 0.0000 0 0 0.0000 
4 24 0.1667 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.43 8 30 0.2667 0.39 19 30 0.6333 0.50 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
18 26 0.6923 22 30 0.7333 9 30 0.3000 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 26 0.3077 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.50 0 0 0.0000 0.34 0 0 0.0000 0.56 
14 26 0.5385 24 30 0.8000 17 30 0.5667 
0 0 0.0000 0 0 0.0000 1 30 0.0333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 4 30 0.1333 10 30 0.3333 
12 26 0.4615 2 30 0.0667 2 30 0.0667 
0 0 0.0000 0.56 0 0 0.0000 0.73 0 0 0.0000 0.74 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 6 26 0.2308 8 28 0.2857 
14 26 0.5385 4 26 0.1538 4 28 0.1429 
0 0 0.0000 9 26 0.3462 5 28 0.1786 
0 0 0.0000 0 0 0.0000 1 28 0.0357 
Table A2 (continued) 
Satt590 M 12.4 9 11 
Satt590 M 12.4 10 0 
Satt567 M 41.0 1 18 
Satt567 M 41.0 2 12 
Satt567 M 41.0 3 0 
Satt540 M 45.5 1 0 
Satt540 M 45.5 2 8 
Satt540 M 45.5 3 0 
Satt540 M 45.5 4 0 
Satt540 M 45.5 5 12 
Satt540 M 45.5 6 10 
Satt540 M 45.5 7 0 
Satt540 M 45.5 8 0 
Satt323 M 77.6 3 24 
Satt323 M 77.6 4 0 
Satt323 M 77.6 5 6 
Satt323 M 77.6 6 0 
Satt323 M 77.6 7 0 
Satt323 M 77.6 8 0 
Satt323 M 77.6 9 0 
Satt323 M 77.6 10 0 
Satt323 M 77.6 11 0 
Sattl 75 M 91.1 3 6 
Sattl 75 M 91.1 4 12 
Sattl75 M 91.1 5 2 
Sattl75 M 91.1 6 2 
Sattl 75 M 91.1 7 8 
Sattl75 M 91.1 8 0 
Satt306 M 106.0 3 0 
Satt306 M 106.0 4 30 
Satt306 M 106.0 5 0 
Satt306 M 106.0 6 0 
Sat_121 M 131.7 1 0 
Sat_121 M 131.7 3 0 
Sat_121 M 131.7 4 0 
Sat_121 M 131.7 5 0 
Sat_121 M 131.7 6 0 
Sat_121 M 131.7 7 4 
Sat_121 M 131.7 8 10 
Sat_121 M 131.7 9 5 
Sat 121 M 131.7 10 4 
0.3667 9 30 0.3000 
0.0000 0 0 0.0000 
0.6000 0.48 11 30 0.3667 0.46 
0.4000 19 30 0.6333 
0.0000 0 0 0.0000 
0.0000 0.66 0 0 0.0000 0.55 
0.2667 2 30 0.0667 
0.0000 0 0 0.0000 
0.0000 5 30 0.1667 
0.4000 4 30 0.1333 
0.3333 19 30 0.6333 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.8000 0.32 7 30 0.2333 0.65 
0.0000 0 0 0.0000 
0.2000 12 30 0.4000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 11 30 0.3667 
0.0000 0 0 0.0000 
o.oooo 0 0 0.0000 
0.0000 0 0 0.0000 
0.2000 0.72 3 30 0.1000 0.64 
0.4000 9 30 0.3000 
0.0667 2 30 0.0667 
0.0667 15 30 0.5000 
0.2667 1 30 0.0333 
0.0000 0 0 0.0000 
0.0000 0.00 2 30 0.0667 0.12 
1.0000 28 30 0.9333 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0.78 0 0 0.0000 0.78 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.1429 5 30 0.1667 
0.3571 5 30 0.1667 
0.1786 2 30 0.0667 










































10 26 0.3846 7 26 0.2692 10 28 0.3571 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 0.26 4 30 0.1333 0.23 10 30 0.3333 0.44 
22 26 0.8462 26 30 0.8667 20 30 0.6667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.26 0 0 0.0000 0.67 0 0 0.0000 0.75 
0 0 0.0000 15 30 0.5000 10 30 0.3333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 30 0.0667 2 30 0.0667 
4 26 0.1538 4 30 0.1333 10 30 0.3333 
22 26 0.8462 7 30 0.2333 4 30 0.1333 
0 0 0.0000 2 30 0.0667 2 30 0.0667 
0 0 0.0000 0 0 0.0000 2 30 0.0667 
13 26 0.5000 0.62 24 30 0.8000 0.34 26 30 0.8667 0.23 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
7 26 0.2692 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 26 0.2308 4 30 0.1333 4 30 0.1333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.54 8 30 0.2667 0.68 11 30 0.3667 0.72 
16 26 0.6154 13 30 0.4333 9 30 0.3000 
0 0 0.0000 7 30 0.2333 6 30 0.2000 
3 26 0.1154 1 30 0.0333 0 0 0.0000 
7 26 0.2692 1 30 0.0333 4 30 0.1333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 26 0.3077 0.43 0 0 0.0000 0.00 0 0 0.0000 0.00 
18 26 0.6923 30 30 1.0000 30 30 1.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0.73 0 0 0.0000 0.39 0 0 0.0000 0.42 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 6 30 0.2000 
2 26 0.0769 2 26 0.0769 2 30 0.0667 
0 0 0.0000 20 26 0.7692 22 30 0.7333 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
12 26 0.4615 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Sat_121 M 131.7 11 0 
Sat_121 M 131.7 12 2 
Sat__l 21 M 131.7 13 3 
Sat_121 M 131.7 14 0 
Satt210 M 152.6 1 0 
SatGIO M 152.6 2 5 
Satt210 M 152.6 3 0 
Satt210 M 152.6 4 25 
Satt210 M 152.6 5 0 
Satt336 M 173.5 1 0 
Satt336 M 173.5 2 13 
Satt336 M 173.5 3 17 
Sattl52 N 16.3 1 0 
Sattl 52 N 16.3 2 10 
Sattl 52 N 16.3 3 2 
Sattl 52 N 16.3 4 3 
Sattl 52 N 16.3 5 0 
Sattl 52 N 16.3 6 0 
Sattl 52 N 16.3 7 0 
Sattl 52 N 16.3 8 0 
Sattl 52 N 16.3 9 11 
Sattl 52 N 16.3 10 2 
Sattl 52 N 16.3 11 0 
Satt584 N 35.4 1 6 
Satt584 N 35.4 2 12 
SattS 84 N 35.4 3 0 
Satt584 N 35.4 4 0 
Satt584 N 35.4 5 12 
Satt485 N 36.3 2 18 
Satt485 N 36.3 5 6 
Satt485 N 36.3 6 4 
Satt387 N 61.2 1 0 
Satt387 N 61.2 2 5 
Satt387 N 61.2 3 25 
Satt387 N 61.2 4 0 
Satt521 N 75.2 1 0 
Satt521 N 75.2 2 11 
Satt521 N 75.2 3 15 
Satt521 N 75.2 4 0 
Satt521 N 75.2 5 4 
Sat 091 N 95.5 1 0 
0.0000 4 30 0.1333 
0.0714 0 0 0.0000 
0.1071 3 30 0.1000 
0.0000 0 0 0.0000 
0.0000 0.28 2 30 0.0667 0.52 
0.1667 10 30 0.3333 
0.0000 0 0 0.0000 
0.8333 18 30 0.6000 
0.0000 0 0 . 0.0000 
0.0000 0.49 0 0 0.0000 0.48 
0.4333 11 28 0.3929 
0.5667 17 28 0.6071 
0.0000 0.70 2 30 0.0667 0.70 
0.3571 2 30 0.0667 
0.0714 14 30 0.4667 
0.1071 2 30 0.0667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.3929 7 30 0.2333 
0.0714 3 30 0.1000 
0.0000 0 0 0.0000 
0.2000 0.64 2 28 0.0714 0.26 
0.4000 2 28 0.0714 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.4000 24 28 0.8571 
0.6429 0.52 6 28 0.2143 0.34 
0.2143 22 28 0.7857 
0.1429 0 0 0.0000 
0.0000 0.28 0 0 0.0000 0.39 
0.1667 8 30 0.2667 
0.8333 22 30 0.7333 
0.0000 0 0 0.0000 
0.0000 0.60 0 0 0.0000 0.62 
0.3667 7 30 0.2333 
0.5000 15 30 0.5000 
0.0000 0 0 0.0000 
0.1333 8 30 0.2667 










































2 26 0.0769 2 26 0.0769 0 0 0.0000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 2 26 0.0769 0 0 0.0000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
4 24 0.1667 0.59 13 30 0.4333 0.49 16 30 0.5333 0.50 
13 24 0.5417 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
7 24 0.2917 17 30 0.5667 14 30 0.4667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.14 0 0 0.0000 0.12 0 0 0.0000 0.00 
24 26 0.9231 28 30 0.9333 30 30 1.0000 
2 26 0.0769 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0.64 0 0 0.0000 0.38 0 0 0.0000 0.23 
1 26 0.0385 2 30 0.0667 0 0 0.0000 
13 26 0.5000 23 30 0.7667 26 30 0.8667 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 26 0.3077 5 30 0.1667 4 30 0.1333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
22 26 0.8462 0.27 25 28 0.8929 0.20 26 30 0.8667 0.23 
2 26 0.0769 2 28 0.0714 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 1 28 0.0357 4 30 0.1333 
22 26 0.8462 0.26 30 30 1.0000 0.00 27 30 0.9000 0.18 
4 26 0.1538 0 0 0.0000 3 30 0.1000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.50 0 0 0.0000 0.12 0 0 0.0000 O.OO 
14 26 0.5385 28 30 0.9333 30 30 1.0000 
12 26 0.4615 2 30 0.0667 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.75 0 0 0.0000 0.55 0 0 0.0000 0.53 
6 24 0.2500 2 28 0.0714 0 0 0.0000 
7 24 0.2917 15 28 0.5357 15 30 0.5000 
5 24 0.2083 0 0 0.0000 1 30 0.0333 
6 24 0.2500 11 28 0.3929 14 30 0.4667 
7 24 0.2917 0.74 10 30 0.3333 0.76 4 30 0.1333 0.76 
Table A2 (continued) 
Sat_091 N 95.5 2 8 
Sat_091 N 95.5 3 7 
Sat_091 N 95.5 4 4 
Sat_091 N 95.5 5 0 
Sat_091 N 95.5 6 9 
Satt358 0 2.4 1 1 
Satt358 0 2.4 2 8 
Satt358 0 2.4 3 0 
Satt358 0 2.4 4 0 
Satt358 0 2.4 5 21 
Satt358 0 2.4 6 0 
Satt487 0 5.7 1 0 
Satt487 0 5.7 2 0 
Satt487 0 5.7 3 0 
Satt487 0 5.7 4 10 
Satt487 0 5.7 5 20 
Satt487 0 5.7 6 0 
SattSOO 0 10.9 1 8 
SattSOO 0 10.9 2 10 
SattSOO 0 10.9 3 0 
Satt500 o 10.9 4 12 
SattSOO 0 10.9 5 0 
SattSOO 0 10.9 6 0 
Satt445 0 25.0 1 2 
Satt445 0 25.0 2 1 
Satt445 0 25.0 6 0 
Satt445 0 25.0 7 0 
Satt445 0 25.0 8 9 
Satt445 0 25.0 9 6 
Satt44S 0 25.0 11 0 
Satt445 0 25.0 12 1 
Satt445 0 25.0 13 0 
Satt445 0 25.0 14 0 
Satt445 0 25.0 15 0 
Satt445 0 25.0 16 7 
Satt445 0 25.0 17 4 
Satt445 0 25.0 18 0 
Satt2S9 0 37.7 1 1 
Satt259 0 37.7 2 3 
Satt259 0 37.7 3 12 
Satt259 o 37.7 4 14 
0.2857 10 28 0.3571 
0.2500 9 28 0.3214 
0.1429 2 28 0.0714 
0.0000 0 0 0.0000 
0.3214 6 28 0.2143 
0.0333 0.44 6 30 0.2000 0.60 
0.2667 8 30 0.2667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.7000 16 30 0.5333 
0.0000 0 0 0.0000 
0.0000 0.44 0 0 0.0000 0.72 
0.0000 0 0 0.0000 
0.0000 7 30 0.2333 
0.3333 5 30 0.1667 
0.6667 12 30 0.4000 
0.0000 6 30 0.2000 
0.2667 0.66 4 30 0.1333 0.62 
0.3333 16 30 0.5333 
0.0000 0 0 0.0000 
0.4000 8 30 0.2667 
0.0000 2 30 0.0667 
0.0000 0 0 0.0000 
0.0667 0.79 2 30 0.0667 0.86 
0.0333 4 30 0.1333 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.3000 5 30 0.1667 
0.2000 5 30 0.1667 
0.0000 0 0 0.0000 
0.0333 2 30 0.0667 
0.0000 4 30 0.1333 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.2333 4 30 0.1333 
0.1333 4 30 0.1333 
0.0000 0 0 0.0000 
0.0333 0.61 2 30 0.0667 0.70 
0.1000 8 30 0.2667 
0.4000 9 30 0.3000 










































7 24 0.2917 1 30 0.0333 0 0 0.0000 
0 0 0.0000 4 30 0.1333 10 30 0.3333 
6 24 0.2500 9 30 0.3000 8 30 0.2667 
0 0 0.0000 4 30 0.1333 6 30 0.2000 
4 24 0.1667 2 30 0.0667 2 30 0.0667 
0 0 0.0000 0.14 0 0 0.0000 0.45 0 0 0.0000 0.55 
24 26 0.9231 21 30 0.7000 16 30 0.5333 
0 0 0.0000 7 30 0.2333 12 30 0.4000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 2 30 0.0667 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.49 0 0 0.0000 0.58 0 0 0.0000 0.50 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
16 24 0.6667 17 30 0.5667 14 30 0.4667 
6 24 0.2500 5 30 0.1667 0 0 0.0000 
2 24 0.0833 8 30 0.2667 16 30 0.5333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0.14 1 30 0.0333 0.13 0 0 0.0000 0.12 
24 26 0.9231 28 30 0.9333 28 30 0.9333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 26 0.0769 1 30 0.0333 2 30 0.0667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
6 26 0.2308 0.84 7 28 0.2500 0.76 7 30 0.2333 0.75 
4 26 0.1538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 9 28 0.3214 8 30 0.2667 
1 26 0.0385 1 28 0.0357 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 5 28 0.1786 7 30 0.2333 
2 26 0.0769 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
4 26 0.1538 6 28 0.2143 8 30 0.2667 
1 26 0.0385 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 26 0.1154 0.65 0 0 0.0000 0.61 0 0 0.0000 0.50 
11 26 0.4231 4 30 0.1333 6 30 0.2000 
2 26 0.0769 13 30 0.4333 20 30 0.6667 
10 26 0.3846 13 30 0.4333 4 30 0.1333 
Table A2 (continued) 
Satt479 0 68.4 1 11 
Satt479 0 68.4 2 3 
Satt479 0 68.4 3 0 
Satt479 0 68.4 4 1 
Satt479 0 68.4 5 15 
Satt478 0 81.7 l 0 
Satt478 0 81.7 3 4 
Satt478 0 81.7 4 0 
Satt478 0 81.7 5 0 
Satt478 0 81.7 6 0 
Satt478 0 81.7 7 22 
Satt478 0 81.7 8 0 
Satt478 0 81.7 9 0 
Satt478 0 81.7 10 0 
Satt478 0 81.7 11 0 
Satt478 0 81.7 12 0 
Satt478 0 81.7 13 2 
Satt477 0 103.8 1 26 
Satt477 0 103.8 2 0 
Satt477 0 103.8 3 4 
Satt592 o 120.5 1 5 
Satt592 0 120.5 2 17 
Satt592 o 120.5 3 0 
Satt592 o 120.5 4 8 
Satt331 0 127.9 2 6 
Satt331 o 127.9 3 24 
Satt331 0 127.9 4 0 
Sat_038 0 153.3 1 6 
Sat_038 0 153.3 2 18 
$at_038 0 153.3 3 0 
Sat_038 0 153.3 4 0 
Sat_038 0 153.3 5 0 
Sat_038 0 153.3 6 0 
Sat_038 0 153.3 7 0 
Sat_038 0 153.3 9 0 
Sat_038 0 153.3 14 0 
Sat_108 0 164.5 2 18 
Sat_108 0 164.5 3 0 
Sat_108 0 164.5 4 0 
Sat_108 0 164.5 5 0 
Sat 108 0 164.5 6 0 
0.3667 0.60 14 30 0.4667 0.62 
0.1000 11 30 0.3667 
0.0000 0 0 0.0000 
0.0333 0 0 0.0000 
0.5000 5 30 0.1667 
0.0000 0.36 2 30 0.0667 0.69 
0.1429 6 30 0.2000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.7857 14 30 0.4667 
0.0000 2 30 0.0667 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0714 6 30 0.2000 
0.8667 0.23 30 30 1.0000 0.00 
0.0000 0 0 0.0000 
0.1333 0 0 0.0000 
0.1667 0.58 4 28 0.1429 0.61 
0.5667 13 28 0.4643 
0.0000 0 0 0.0000 
0.2667 11 28 0.3929 
0.2000 0.32 11 30 0.3667 0.46 
0.8000 19 30 0.6333 
0.0000 0 0 0.0000 
0.2500 0.38 1 26 0.0385 0.14 
0.7500 24 26 0.9231 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
O.OOQO 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 1 26 0.0385 
0.0000 0 0 0.0000 
0.6000 0.55 8 30 0.2667 0.55 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 
0.0000 0 0 0.0000 










































8 26 0.3077 0.48 8 30 0.2667 0.52 12 30 0.4000 0.66 
17 26 0.6538 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 6 30 0.2000 
0 0 0.0000 3 30 0.1000 1 30 0.0333 
1 26 0.0385 19 30 0.6333 11 30 0.3667 
0 0 0.0000 0.64 2 30 0.0667 0.55 4 30 0.1333 0.74 
2 26 0.0769 19 30 0.6333 12 30 0.4000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 26 0.3077 4 30 0.1333 7 30 0.2333 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
13 26 0.5000 5 30 0.1667 5 30 0.1667 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
3 26 0.1154 0 0 0.0000 2 30 0.0667 
16 24 0.6667 0.44 30 30 1.0000 0.00 30 30 1.0000 O.OO 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
8 24 0.3333 0 0 0.0000 0 0 0.0000 
5 26 0.1923 0.63 2 26 0.0769 0.14 0 0 0.0000 0.00 
9 26 0.3462 24 26 0.9231 30 30 1.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
12 26 0.4615 0 0 0.0000 0 0 0.0000 
6 26 0.2308 0.36 0 0 0.0000 0.00 0 0 0.0000 0.00 
20 26 0.7692 30 30 1.0000 30 30 1.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
2 24 0.0833 0.15 4 30 0.1333 0.23 1 28 0.0357 0.07 
22 24 0.9167 26 30 0.8667 27 28 0.9643 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
5 24 0.2083 0.64 14 30 0.4667 0.56 18 30 0.6000 0.48 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
0 0 0.0000 0 0 0.0000 0 0 0.0000 
Table A2 (continued) 
Sat_108 0 164.5 7 8 30 0.2667 18 30 0.6000 11 24 0.4583 14 30 0.4667 12 30 0.4000 
Sat_108 0 164.5 8 4 30 0.1333 4 30 0.1333 0 0 0.0000 0 0 0.0000 0 0 0.0000 
Sat 108 0 164.5 11 0 0 0.0000 0 0 0.0000 8 24 0.3333 2 30 0.0667 0 0 0.0000 
t C4H = highest-yielding C4 lines in the population. C4L = lowest-yielding C4 lines in the population. 
Î LG = linkage group. 
§ PIC = polymorphic index content. 
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Table A3. Eigenvalues and percentage variation explained for each principal component 
Principle Component No.* 
Ft C0H C4H C4HL 
Eigenvalue % Var§ Eigenvalue % Var Eigenvalue % Var Eigenvalue % Var 
1 1.926 15.58 0.992 19.63 1.077 21.11 1.943 27.14 
2 1.332 10.77 0.358 7.08 0.725 14.21 0.493 6.88 
3 0.835 6.75 0.306 6.05 0.359 7.04 0.418 5.84 
4 0.832 6.73 0.297 5.87 0.311 6.09 0.386 5.39 
5 0.596 4.82 0.240 4.76 0.272 5.32 0.321 4.48 
6 0.530 4.29 0.226 4.47 0.245 4.81 0.288 4.03 
7 0.477 3.86 0.218 4.32 0.227 4.46 0.266 3.71 
8 0.393 3.18 0.200 3.96 0.196 3.85 0.237 3.31 
9 0.351 2.84 0.197 3.89 0.176 3.44 0.221 3.09 
10 0.348 2.81 0.180 3.55 0.160 3.14 0.209 2.93 
11 0.309 2.50 0.155 3.07 0.144 2.83 0.189 2.64 
12 0.302 2.44 0.153 3.02 0.134 2.62 0.186 2.60 
13 0.276 2.23 0.140 2.77 0.116 2.27 0.169 2.37 
14 0.261 2.11 0.133 2.64 0.111 2.18 0.157 2.20 
15 0.245 1.98 0.125 2.48 0.103 2.03 0.149 2.08 
16 0.222 1.80 0.119 2.36 0.096 1.89 0.132 1.84 
17 0.215 1.74 0.115 2.28 0.079 1.56 0.126 1.76 
18 0.209 1.69 0.107 2.12 0.073 1.42 0.118 1.65 
19 0.187 1.51 0.095 1.89 0.065 1.27 0.110 1.54 
20 0.181 1.46 0.092 1.83 0.058 1.13 0.095 1.33 
21 0.170 1.38 0.086 1.71 0.055 1.09 0.092 1.28 
22 0.163 1.32 0.074 1.46 0.050 0.98 0.089 1.24 
23 0.147 1.19 0.068 1.34 0.042 0.83 0.081 1.13 
24 0.136 1.10 0.061 1.20 0.042 0.82 0.069 0.97 
25 0.132 1.07 0.054 1.08 0.034 0.66 0.062 0.87 
26 0.128 1.04 0.051 1.01 0.030 0.58 0.060 0.84 
27 0.123 1.00 0.047 0.94 0.025 0.49 0.058 0.81 
28 0.112 0.90 0.039 0.78 0.022 0.43 0.055 0.77 
29 0.107 0.87 0.031 0.62 0.021 0.40 0.049 0.68 
30 0.100 0.81 0.028 0.55 0.015 0.29 0.046 0.65 
31 0.099 0.80 0.022 0.44 0.013 0.26 0.040 0.56 
32 0.092 0.75 0.018 0.36 0.012 0.23 0.039 0.55 
33 0.084 0.68 0.012 0.24 0.007 0.14 0.035 0.49 
34 0.078 0.63 0.007 0.14 0.005 0.11 0.033 0.46 
35 0.071 0.58 0.004 0.07 0.001 0.01 0.025 0.35 
36 0.067 0.54 0.002 0.03 0.023 0.33 
37 0.062 0.51 0.023 0.32 
38 0.060 0.49 0.021 0.29 
39 0.053 0.43 0.018 0.25 
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Table A3 (continued) 
40 0.050 0.41 0.013 0.18 
41 0.045 0.36 0.009 0.12 
42 0.039 0.32 0.005 0.06 
43 0.035 0.28 0.001 0.01 
44 0.033 0.27 0.000 0.00 
45 0.029 0.24 
46 0.025 0.20 
47 0.023 0.19 
48 0.020 0.16 
49 0.015 0.12 
50 0.013 0.11 
51 0.011 0.09 
52 0.010 0.08 
53 0.002 0.01 
54 0.001 0.01 
55 0.000 0.00 
f F = original parents used to form the CO populations of APIO, AP12, and AP14. COH = 
highest-yielding CO lines used to form the CI populations of APIO and API 4. C4H = 
highest-yielding C4 lines from APIO, API2, and API4. C4HL = highest- and lowest-
yielding C4 lines from APIO and API4. 
% Number of the principal component. 
§ Percentage variation explained by the principal component. 
Table A4. Intra-population comparisons of SSR allele frequency changes from the original parents to improved cycles of selection 
in soybean population APIO. 
F vs. COM? F vs. C4HL F vs. C4H F vs. C4L 
Marker LG$ Position G-value df Prob(G)5 G-value df Prob(G) G-value df Prob(G) G-value df Prob(G) 
Satt276 A1 5.1 13.54 11 0.2594 27.33 12 0.0069 19.50 12 0.0772 15.38 12 0.2214 
Sattl 65 A1 14.6 .8.03 4 0.0905 27.01 4 0.0000 30.79 4 0.0000 11.45 4 0.0220 
Satt364 A1 19.1 0.46 1 0.4961 0.74 1 0.3887 0.38 1 0.5362 0.38 1 0.5362 
Satt471 At 19.1 2.34 2 0.3110 17.77 2 0.0001 7.43 2 0.0243 17.13 2 0.0002 
Sattl 55 A1 28.5 6.77 5 0.2385 6.71 5 0.2428 1.87 4 0.7597 7.96 5 0.1587 
SattOSO A1 44.4 2.26 4 0.6884 15.55 4 0.0037 8.73 4 0.0681 8.73 4 0.0681 
Satt385 A1 69.9 13.53 5 0.0189 24.62 5 0.0002 12.08 5 0.0337 28.64 5 0.0000 
Satt545 A1 75.3 13.19 8 0.1054 51.67 7 0.0000 39.05 7 0.0000 33.31 7 0.0000 
Satt599 A1 83.2 1.28 3 0.7343 16.88 3 0.0007 8.58 3 0.0354 11.25 3 0.0105 
Satt225 A1 87.3 4.10 3 0.2514 12.45 4 0.0143 5.49 3 0.1395 13.05 4 0.0110 
Satt390 A2 8.6 0.15 2 0.9285 8.03 2 0.0181 16.39 2 0.0003 0.91 2 0.6351 
Satt493 A2 23.3 1.41 2 0.4950 11.28 3 0.0103 7.02 3 0.0712 7.02 3 0.0712 
Sattl 87 A2 50.0 3.83 3 0.2806 16.83 3 0.0008 28.59 3 0.0000 9.97 3 0.0188 
Satt424 A2 61.7 6.91 7 0.4388 13.20 6 0.0399 8.66 6 0.1934 7.76 6 0.2560 
Satt341 A2 73.5 10.46 3 0.0150 13.18 3 0.0043 7.73 3 0.0519 8.23 3 0.0414 
Sat_129 A2 78.3 5.51 6 0.4800 22.77 7 0.0019 16.17 7 0.0236 22.78 7 0.0019 
Satt327 A2 108.7 1.67 2 0.4330 6.70 2 0.0351 10.42 2 0.0055 2.72 2 0.2563 
Satt455 A2 138.2 0.55 2 0.7608 1.50 2 0.4734 1.76 2 0.4153 2.74 2 0.2539 
Satt409 A2 154.7 7.61 7 0.3681 45.86 7 0.0000 39.41 7 0.0000 20.57 7 0.0045 
Satt378 A2 175.2 1.41 2 0.4936 3.47 2 0.1762 1.84 2 0.3975 1.84 2 0.3975 
Satt429 A2 184.0 6.20 6 0.4016 33.51 6 0.0000 33.38 6 0.0000 13.15 6 0.0408 
Satt426 B1 22.5 4.15 5 0.5278 23.24 6 0.0007 26.45 6 0.0002 6.65 5 0.2484 
Satt509 B1 26.7 11.13 4 0.0251 27.18 5 0.0001 21.80 4 0.0002 19.33 5 0.0017 
Satt251 B1 34.9 8.91 3 0.0304 6.52 3 0.0887 2.60 3 0.4567 6.21 3 0.1017 
Sattl 97 B1 39.0 7.73 7 0.3574 19.09 7 0.0079 10.73 7 0.1509 12.19 7 0.0943 
Sct_026 B1 71.6 7.33 2 0.0256 5.60 2 0.0607 3.76 2 0.1522 3.96 2 0.1379 
Satt444 B1 76.4 5.90 2 0.0522 12.39 2 0.0020 4.73 2 0.0937 21.12 2 0.0000 
Satt359 B1 92.1 9.46 3 0.0238 23.57 4 0.0001 40.34 3 0.0000 5.92 4 0.2054 
Table A4 (continued) 
Satt453 B1 117.3 5.10 4 0.2767 17.77 4 0.0014 
Satt577 B2 0.0 16.61 5 0.0053 31.87 4 0.0000 
Sattl 26 B2 29.9 11.84 3 0.0080 14.59 3 0.0022 
Sattl 68 B2 55.8 3.60 3 0.3082 22.41 3 0.0001 
Satt304 B2 69.3 4.02 2 0.1341 36.14 3 0.0000 
Satt066 B2 97.3 4.42 4 0.3517 16.37 5 0.0059 
Satt063 B2 113.1 2.74 3 0.4328 12.45 4 0.0143 
SattSôO B2 132.7 12.11 6 0.0596 32.84 6 0.0000 
Satt565 Cl 0.0 .6.26 3 0.0996 23.39 3 0.0000 
SOYGPATR Cl 21.0 6.71 2 0.0349 26.64 2 0.0000 
Sattl 94 Cl 30.2 3.64 4 0.4571 8.46 6 0.2065 
Satt578 Cl 74.0 5.44 2 0.0658 28.78 2 0.0000 
Sat_085 Cl 96.5 7.82 10 0.6464 36.63 10 0.0001 
Sattl 90 Cl 99.0 2.61 2 0.2717 12.60 3 0.0056 
Satt294 Cl 105.4 4.55 4 0.3366 34.97 5 0.0000 
Satt338 Cl 173.0 17.48 7 0.0146 36.54 7 0.0000 
Sattl 64 Cl 180.9 3.88 4 0.4224 7.47 4 0.1132 
Sat_062 C2 29.2 24.16 13 0.0296 45.08 13 0.0000 
Satt520 C2 45.9 4.98 4 0.2895 8.84 4 0.0651 
Satt291 C2 48.2 0.02 1 0.8869 16.19 1 0.0001 
Sattl70 C2 77.9 2.77 2 0.2509 40.86 2 0.0000 
Satt322 C2 84.6 3.34 2 0.1881 9.77 2 0.0076 
Satt450 C2 112.8 1.21 1 0.2718 1.77 1 0.1829 
Satt363 C2 127.6 1.69 2 0.4303 21.47 2 0.0000 
Satt277 C2 138.8 14.77 7 0.0391 47.33 7 0.0000 
Satt319 C2 145.8 4.53 3 0.2098 6.36 3 0.0952 
Satt307 C2 168.3 4.22 5 0.5180 35.47 5 0.0000 
Satt371 C2 188.7 8.50 6 0.2035 11.65 6 0.0701 
Satt357 C2 193.5 0.42 2 0.8101 3.73 2 0.1546 
Sattl 84 Dla+Q 8.3 5.18 4 0.2692 16.37 4 0.0026 
Satt531 Dla+Q 24.3 3.20 4 0.5248 6.93 4 0.1396 
Satt368 Dla+Q 41.1 6.16 5 0.2910 17.97 5 0.0030 
20.08 4 0.0005 6.77 4 0.1486 
36.05 4 0.0000 11.73 4 0.0195 
10.82 2 0.0045 9.92 3 0.0193 
29.16 3 0.0000 7.42 3 0.0597 
36.39 3 0.0000 14.40 2 0.0007 
12.79 4 0.0124 10.75 5 0.0566 
5.50 3 0.1389 9.59 4 0.0480 
20.97 6 0.0019 23.89 6 0.0005 
18.04 3 0.0004 11.73 3 0.0084 
14.67 2 0.0007 17.08 2 0.0002 
9.70 6 0.1380 5.60 4 0.2311 
26.63 2 0.0000 19.01 2 0.0001 
33.97 10 0.0002 22.63 10 0.0122 
13.94 3 0.0030 5.95 3 0.1138 
28.51 5 0.0000 16.78 4 0.0021 
31.41 7 0.0001 20.04 7 0.0055 
3.80 4 0.4341 6.43 4 0.1693 
29.47 13 0.0056 37.29 13 0.0004 
15.63 4 0.0036 2.37 4 0.6688 
15.38 1 0.0001 6.29 1 0.0122 
24.01 2 0.0000 22.61 2 0.0000 
12.96 2 0.0015 3.17 2 0.2054 
1.01 1 0.3140 0.88 1 0.3487 
12.01 2 0.0025 12.01 2 0.0025 
52.56 7 0.0000 22.32 7 0.0022 
3.20 3 0.3618 3.90 3 0.2727 
20.39 5 0.0011 22.73 5 0.0004 
8.91 6 0.1785 7.55 6 0.2728 
3.26 2 0.1956 9.06 2 0.0108 
8.60 4 0.0718 10.07 4 0.0392 
3.21 4 0.5226 4.77 4 0.3113 
19.25 5 0.0017 8.77 5 0.1184 
Table A4 (continued) 
Satt321 Dla+Q 54.7 2.35 
Sattl 79 Dla+Q 67.8 2.80 
Satt436 Dla+Q 89.3 22.58 
Sattl 29 Dla+Q 118.2 2.94 
Sattl 47 Dla+Q 123.0 3.14 
Satt216 Dlb+W 0.0 10.03 
Sattl 57 Dlb+W 14.9 3.64 
Satt266 Dlb+W 38.5 0.61 
Sattl41 Dlb+W 52.8 8.63 
Satt506 Dlb+W 52.8 9.08 
Satt546 Dlb+W 63.0 0.02 
Satt274 Dlb+W 82.5 2.82 
Satt459 Dlb+W 98.6 •2.50 
Satt271 Dlb+W 106.8 11.55 
ScttOOS 02 0.0 1.45 
Sattl35 02 34.7 0.44 
Satt458 02 34.7 14.54 
Satt582 02 66.9 1.61 
Satt389 02 93.8 13.67 
Satt311 D2 106.6 10.37 
Satt082 02 112.1 5.52 
Satt301 02 121.8 3.83 
Sattl 86 02 139.1 6.93 
Satt413 02 148.3 10.76 
Satt256 02 154.8 7.42 
Satt212 E 0.0 6.22 
Satt213 E 12.3 4.08 
Satt411 E 22.5 0.23 
Satt598 E 43.5 3.27 
Sat_124 E 64.4 33.29 
Satt491 E 85.2 3.79 
Satt204 E 100.6 5.22 
0.5038 12.99 3 0.0047 
0.4236 8.61 3 0.0350 
0.0020 49.33 7 0.0000 
0.4009 31.66 3 0.0000 
0.2082 16.73 2 0.0002 
0.0744 22.05 5 0.0005 
0.7253 22.94 7 0.0017 
0.4338 1.63 1 0.2012 
0.0134 39.08 3 0.0000 
0.0107 8.57 2 0.0138 
0.8899 12.47 1 0.0004 
0.8306 12.64 6 0.0491 
0.2859 6.88 2 0.0321 
0.0091 32.21 3 0.0000 
0.4838 3.06 2 0.2162 
0.8029 8.59 2 0.0136 
0.1044 49.14 9 0.0000 
0.4470 2.67 2 0.2633 
0.0335 46.16 6 0.0000 
0.0157 10.73 3 0.0133 
0.0633 5.05 2 0.0801 
0.6995 14.47 6 0.0248 
0.2261 12.89 5 0.0244 
0.0131 12.07 3 0.0071 
0.0064 4.47 1 0.0344 
0.3993 27.91 6 0.0001 
0.2524 1.70 2 0.4269 
0.9728 7.19 3 0.0662 
0.0705 5.22 1 0.0224 
0.0154 69.56 18 0.0000 
0.2848 15.83 3 0.0012 

































7.62 3 0.0545 9.19 3 0.0268 
8.82 3 0.0318 3.85 3 0.2783 
42.24 7 0.0000 28.25 6 0.0001 
32.70 3 0.0000 14.59 3 0.0022 
6.95 2 0.0309 13.70 2 0.0011 
16.46 5 0.0057 18.86 5 0.0020 
11.76 6 0.0676 16.77 7 0.0190 
1.78 1 0.1824 0.49 1 0.4844 
16.05 3 0.0011 42.31 3 0.0000 
4.68 2 0.0964 5.31 2 0.0704 
1.64 1 0.2002 19.02 1 0.0000 
11.67 6 0.0698 8.14 6 0.2277 
2.44 2 0.2953 6.56 2 0.0376 
18.09 3 0.0004 21.04 3 0.0001 
6.80 2 0.0333 1.04 2 0.5939 
1.23 2 0.5400 20.15 2 0.0000 
24.86 9 0.0031 49.87 9 0.0000 
5.86 2 0.0535 1.24 2 0.5383 
39.09 6 0.0000 26.15 5 0.0001 
15.17 3 0.0017 6.08 3 0.1078 
3.60 2 0.1649 4.45 2 0.1078 
9.97 6 0.1261 9.99 6 0.1252 
9.29 5 0.0981 6.86 5 0.2309 
6.47 3 0.0908 7.38 3 0.0606 
13.46 1 0.0002 0.00 1 0.9595 
16.82 6 0.0100 18.33 6 0.0055 
0.91 2 0.6329 0.91 2 0.6329 
10.96 3 0.0120 6.78 3 0.0793 
14.65 1 0.0001 0.01 1 0.9434 
50.89 18 0.0001 49.25 18 0.0001 
1.59 3 0.6616 26.95 3 0.0000 
4.19 5 0.5231 15.66 5 0.0079 
Table A4 (continued) 
Satt355 E 102.2 4.03 
Satt230 E 137.8 0.78 
Sattl46 F 0.0 10.38 
Satt343 F 1.7 5.58 
Satt252 F 16.2 0.38 
Satt516 F 50.7 1.65 
Satt425 F 56.4 0.93 
Sattll4 F 80.6 5.97 
Satt334 F 95.0 7.02 
Sat_120 F 113.3 7.63 
SattSIO F 114.8 7.24 
Satt335 F 126.2 7.48 
Sattl44 F 157.8 3.25 
Satt395 F 178.2 3.11 
Sat_074 F 181.8 25.97 
Satt038 G 0.0 13.15 
Satt309 G 1.9 24.49 
Satt324 G 25.9 0.90 
Satt394 G 51.6 2.40 
Satt594 G 61.3 11.00 
Satt340 G 77.4 1.69 
Satt505 G 100.1 1.95 
Sattl99 G 100.8 3.05 
Satt517 G 103.2 8.67 
Sat_l 17 G 138.4 5.85 
Sct_187 G 155.7 8.09 
Satt568 H 27.6 0.56 
Sattl92 H 41.1 3.96 
Satt469 H 68.5 0.01 
Satt314 H 77.3 5.11 
Satt302 H 110.4 1.95 
Satt317 H 128.4 0.98 
0.2583 5.57 3 0.1343 
0.3786 1.61 1 0.2047 
0.1680 34.43 7 0.0000 
0.2329 10.94 4 0.0273 
0.9442 7.80 4 0.0991 
0.6478 11.75 3 0.0083 
0.6273 8.67 3 0.0340 
0.2012 40.23 4 0.0000 
0.1347 32.71 4 0.0000 
0.0543 32.05 7 0.0000 
0.0645 25.31 4 0.0000 
0.0237 25.43 2 0.0000 
0.1966 10.82 2 0.0045 
0.2107 4.56 2 0.1021 
0.0172 36.98 11 0.0001 
0.0220 22.74 5 0.0004 
0.0064 59.45 12 0.0000 
0.6378 24.57 2 0.0000 
0.4939 4.80 3 0.1870 
0.0515 58.56 5 0.0000 
0.6391 10.22 3 0.0168 
0.7453 12.62 5 0.0272 
0.2180 2.72 2 0.2564 
0.1229 22.96 5 0.0003 
0.5573 14.77 6 0.0221 
0.0442 17.31 3 0.0006 
0.4530 4.60 1 0.0320 
0.2660 11.24 4 0.0240 
0.9296 12.51 1 0.0004 
0.1641 4.31 2 0.1157 
0.5837 18.89 3 0.0003 

































11.83 3 0.0080 1.58 3 0.6632 
7.19 1 0.0073 0.02 1 0.8758 
20.78 7 0.0041 19.81 7 0.0060 
10.16 4 0.0379 10.00 4 0.0405 
10.60 4 0.0315 2.77 3 0.4284 
17.53 3 0.0005 3.97 3 0.2648 
4.86 3 0.1824 4.50 3 0.2119 
52.40 4 0.0000 8.98 4 0.0617 
34.12 4 0.0000 12.41 4 0.0145 
36.89 6 0.0000 14.56 5 0.0124 
30.52 4 0.0000 6.04 3 0.1099 
27.49 2 0.0000 7.73 2 0.0210 
3.76 2 0.1525 10.58 2 0.0051 
2.62 2 0.2697 2.28 2 0.3206 
35.48 11 0.0002 22.39 11 0.0215 
15.79 5 0.0075 16.97 5 0.0046 
44.99 11 0.0000 38.35 12 0.0001 
28.93 2 0.0000 5.69 2 0.0581 
2.64 3 0.4513 3.52 3 0.3180 
23.67 5 0.0003 54.48 5 0.0000 
3.64 3 0.3033 10.03 3 0.0183 
4.24 4 0.3743 12.48 5 0.0288 
1.07 2 0.5856 2.59 2 0.2744 
20.12 5 0.0012 9.83 5 0.0803 
15.51 6 0.0167 7.00 6 0.3206 
11.10 3 0.0112 10.47 3 0.0150 
2.60 1 0.1071 2.60 1 0.1071 
23.14 3 0.0000 9.21 4 0.0560 
21.25 1 0.0000 0.61 1 0.4337 
1.33 2 0.5142 4.88 2 0.0871 
13.77 3 0.0032 9.05 3 0.0287 
7.65 2 0.0218 8.51 2 0.0142 
Table A4 (continued) 
Satt434 H 152.4 7.47 
Satt571 I 2.4 8.45 
Sattl27 I 15.5 4.31 
Satt239 25.3 3.12 
Satt270 I 57.9 12.52 
Sattl48 84.5 2.77 
Satt440 I 114.2 3.86 
Satt285 J 19.5 2.87 
Satt596 J 63.6 8.86 
Sattl 32 J 69.7 1.32 
Satt529 J 74.4 5.80 
Sct_001 J 75.8 1.21 
Satt244 J 105.5 10.11 
Satt431 J 118.0 12.55 
Satt539 K 4.3 1.97 
Sat_087 K 7.3 19.46 
Sat_119 K 20.3 12.36 
Sattl78 K 55.1 6.32 
Satt544 K 72.8 19.10 
Satt559 K 85.2 17-50 
Satt273 K 120.0 8.16 
Satt260 K 145.1 5.21 
Sattl 96 K 164.8 5.17 
Satt588 K 184.6 16.32 
Satt495 L 4.5 0.21 
Sattl43 L 31.8 6.05 
Satt523 L 32.4 3.91 
Satt462 L 49.3 12.01 
Sattl 56 L 65.8 4.25 
Sat_099 L 89.4 10.81 
Satt373 L 118.0 7.48 
Satt513 L 118.6 3.68 
0.2793 9.23 5 0.1004 
0.0376 5.54 3 0.1363 
0.2299 14.49 3 0.0023 
0.6814 36.88 5 0.0000 
0.0139 48.28 4 0.0000 
0.5976 12.74 4 0.0126 
0.4257 13.22 4 0.0103 
0.4123 55.22 3 0.0000 
0.0646 9.05 4 0.0598 
0.2513 0.02 1 0.8904 
0.1217 8.15 3 0.0430 
0.2719 0.66 1 0.4179 
0.2571 43.35 9 0.0000 
0.0509 16.56 6 0.0110 
0.3730 14.90 2 0.0006 
0.0780 56.50 13 0.0000 
0.2617 36.28 10 0.0001 
0.2763 17.44 5 0.0037 
0.0040 37.44 6 0.0000 
0.1773 38.40 13 0.0002 
0.2268 54.58 6 0.0000 
0.1570 6.21 3 0.1017 
0.1597 20.69 3 0.0001 
0.0223 35.66 6 0.0000 
0.6461 7.82 1 0.0052 
0.1958 23.63 4 0.0001 
0.1415 15.96 2 0.0003 
0.2842 18.11 10 0.0531 
0.3734 23.61 4 0.0001 
0.1471 34.80 7 0.0000 
0.4858 22.16 8 0.0046 

































8.73 5 0.1203 3.93 4 0.4150 
6.81 3 0.0782 4.28 3 0.2323 
9.70 3 0.0213 7.38 3 0.0606 
32.77 5 0.0000 16.33 5 0.0060 
32.36 4 0.0000 31.04 4 0.0000 
13.40 4 0.0095 9.17 4 0.0570 
22.13 4 0.0002 3.66 4 0.4546 
42.40 3 0.0000 25.56 3 0.0000 
6.04 4 0.1965 16.73 4 0.0022 
0.14 1 0.7046 0.03 1 0.8689 
1.30 3 0.7298 15.59 3 0.0014 
1.06 1 0.3025 0.04 1 0.8455 
33.61 9 0.0001 34.51 9 0.0001 
10.86 6 0.0927 14.37 6 0.0258 
11.63 2 0.0030 6.69 2 0.0352 
54.07 11 0.0000 36.45 13 0.0005 
24.13 10 0.0073 18.08 10 0.0536 
9.67 5 0.0852 10.20 5 0.0697 
28.41 6 0.0001 25.62 6 0.0003 
25.38 12 0.0131 30.60 13 0.0039 
50.77 6 0.0000 27.43 6 0.0001 
3.72 3 0.2930 6.98 3 0.0726 
8.93 3 0.0302 16.95 3 0.0007 
28.09 6 0.0001 16.43 6 0.0116 
12.00 1 0.0005 0.98 1 0.3231 
32.54 4 0.0000 8.45 4 0.0765 
22.22 2 0.0000 8.42 2 0.0148 
16.02 10 0.0991 14.75 10 0.1413 
13.32 4 0.0098 12.46 4 0.0142 
29.20 7 0.0001 19.51 7 0.0067 
11.55 8 0.1726 21.75 8 0.0054 
2.44 4 0.6551 2.44 4 0.6551 
Table A4 (continued) 
Satt590 M 12.4 18.50 9 0.0298 54.11 9 0.0000 32.69 9 0.0002 40.65 9 0.0000 
Satt567 M 41.0 0.19 2 0.9077 20.16 2 0.0000 19.37 2 0.0001 7.53 2 0.0232 
Satt540 M 45.5 7.97 7 0.3349 28.66 6 0.0001 35.77 6 0.0000 9.07 6 0.1697 
Satt323 M 77.6 5.10 7 0.6478 7.50 7 0.3784 17.57 7 0.0141 5.21 7 0.6343 
Sattl 75 M 91.1 5.18 5 0.3943 15.45 5 0.0086 28.41 5 0.0000 2.51 5 0.7754 
Satt306 M 106.0 5.16 3 0.1601 13.16 2 0.0014 8.07 2 0.0177 7.96 2 0.0186 
Sat_121 M 131.7 20.98 11 0.0336 43.63 U 0.0000 35.04 U 0.0002 26.45 U 0.0056 
Satt210 M 152.6 0.65 4 0.9578 45.21 4 0.0000 30.63 4 0.0000 27.00 4 0.0000 
Satt336 M 173.5 6.68 2 0.0355 33.94 2 0.0000 20.53 2 0.0000 22.22 2 0.0000 
Sattl 52 N 16.3 7.19 7 0.4092 59.26 8 0.0000 63.32 8 0.0000 26.77 8 0.0008 
Satt584 N 35.4 12.11 4 0.0166 13.47 3 0.0037 13.74 3 0.0033 10.59 3 0.0142 
Satt485 N 36.3 0.17 1 0.6797 6.34 2 0.0421 15.58 2 0.0004 5.23 1 0.0222 
Satt387 N 61.2 8.86 3 0.0312 33.32 3 0.0000 23.68 3 0.0000 16.72 3 0.0008 
Satt521 N 75.2 2.35 4 0.6725 10.21 4 0.0371 6.47 4 0.1670 6.64 4 0.1565 
Sat_091 N 95.5 7.16 5 0.2092 23.28 5 0.0003 17.92 5 0.0030 13.18 5 0.0218 
Satt358 0 2.4 5.43 5 0.3662 42.30 4 0.0000 37.40 4 0.0000 19.40 4 0.0007 
Satt487 O 5.7 4.14 5 0.5288 69.53 5 0.0000 71.11 5 0.0000 36.73 5 0.0000 
SattSOO 0 10.9 0.09 2 0.9545 56.69 4 0.0000 55.96 4 0.0000 28.69 4 0.0000 
Satt445 0 25.0 7.73 13 0.8607 40.26 13 0.0001 37.47 13 0.0003 19.01 13 0.1229 
Satt259 0 37.7 2.61 3 0.4558 30.17 3 0.0000 28.97 3 0.0000 13.93 3 0.0030 
Satt479 0 68.4 3.82 3 0.2817 0.74 3 0.8636 5.32 3 0.1498 3.20 3 0.3625 
Satt478 o 81.7 7.32 10 0.6947 25.50 10 0.0045 23.80 10 0.0082 10.59 10 0.3907 
Satt477 0 103.8 0.43 2 0.8052 4.74 2 0.0933 2.70 2 0.2595 6.92 2 0.0314 
Satt592 0 120.5 3.60 3 0.3075 14.22 3 0.0026 8.22 3 0.0416 10.18 3 0.0171 
Satt331 0 127.9 4.13 2 0.1270 14.09 2 0.0009 5.05 2 0.0801 14.00 2 0.0009 
Sat_038 0 153.3 11.25 4 0.0239 16.79 5 0.0049 15.78 4 0.0033 6.30 5 0.2779 
Sat 108 0 164.5 8.86 5 0.1147 13.55 5 0.0187 4.07 5 0.5395 16.38 5 0.0058 
f F = original parents of API 0, COH = highest-yielding CO lines used to form the CI population of API 0, C4H = the highest-
yielding C4 lines from AP10, C4L = the lowest-yielding lines from AP10, and C4HL = the highest- and lowest-yielding C4 lines 
from AP10. 
t LG = linkage group. 
§ Markers that had P < 0.001 for the G-test for no difference in allele frequency between two groups are in bold. 
Table A5. Intra-population comparisons of SSR allele frequency changes between the highest-yielding CO lines and C4 lines in 
soybean population AP10. 
COH vs. C4HLf COH VS. C4H COH vs. C4L C4H vs. C4L 
Marker LG* Position G-value df Prob(G)5 G-value df Prob(G) G-value df Prob(G) G-value df Prob(G) 
Satt276 A1 5.1 18.81 6 0.0045 13.78 6 0.0321 14.02 6 0.0294 3.41 4 0.4916 
Sattl 65 A1 14.6 15.13 2 0.0005 25.90 2 0.0000 2.90 1 0.0886 13.03 2 0.0015 
Satt471 A1 19.1 19.62 2 0.0001 11.12 2 0.0038 18.64 2 0.0001 1.75 2 0.4160 
Sattl 55 A1 28.5 13.15 5 0.0220 8.58 5 0.1271 10.42 5 0.0642 4.72 3 0.1933 
SattOSO A1 44.4 14.38 3 0.0024 9.40 3 0.0244 9.40 3 0.0244 n/a 
Satt385 A1 69.9 6.87 4 0.1428 7.84 4 0.0976 7.62 4 0.1067 12.06 4 0.0169 
Satt545 A1 75.3 17.29 7 0.0156 17.39 7 0.0150 12.06 7 0.0985 10.20 6 0.1164 
Satt599 A1 83.2 8.19 2 0.0167 4.80 2 0.0907 6.32 2 0.0424 0.07 2 0.9650 
Satt225 A1 87.3 15.42 3 0.0015 6.68 2 0.0354 17.85 3 0.0005 6.11 3 0.1066 
Satt390 A2 8.6 7.34 2 0.0255 15.46 2 0.0004 1.22 2 0.5430 8.03 2 0.0180 
Satt493 A2 23.3 10.88 3 0.0124 7.67 3 0.0533 7.67 3 0.0533 n/a 
Sattl 87 A2 50.0 23.46 3 0.0000 33.01 3 0.0000 16.35 3 0.0010 20.40 3 0.0001 
Satt424 A2 61.7 12.49 6 0.0520 10.51 6 0.1047 6.60 5 0.2522 2.76 2 0.2518 
Satt341 A2 73.5 6.04 2 0.0489 2.32 2 0.3130 6.96 2 0.0307 1.87 1 0.1715 
Sat_129 A2 78.3 18.82 6 0.0045 12.41 5 0.0295 21.42 5 0.0007 16.41 5 0.0058 
Satt327 A2 108.7 1.75 2 0.4175 6.64 2 0.0361 0.20 2 0.9036 5.75 2 0.0565 
Satt455 A2 138.2 1.76 2 0.4141 2.72 2 0.2561 1.54 2 0.4628 2.96 2 0.2279 
Satt409 A2 154.7 38.68 5 0.0000 39.89 5 0.0000 18.77 5 0.0021 9.23 3 0.0264 
Satt378 A2 175.2 6.19 2 0.0452 3.87 2 0.1447 3.87 2 0.1447 n/a 
Satt429 A2 184.0 19.54 4 0.0006 23.60 4 0.0001 8.73 4 0.0681 9.46 2 0.0088 
Satt426 B1 22.5 8.91 5 0.1129 13.87 5 0.0165 1.69 4 0.7934 13.46 4 0.0092 
Satt509 B1 26.7 4.71 4 0.3179 4.27 3 0.2342 7.65 4 0.1051 12.02 4 0.0172 
Satt251 B1 34.9 1.61 1 0.2047 3.97 1 0.0464 0.04 1 0.8354 2.81 1 0.0936 
Sattl97 B1 39.0 5.07 6 0.5354 2.97 6 0.8127 4.02 6 0.6733 1.26 4 0.8676 
Sct_026 B1 71.6 0.53 2 0.7684 1.35 2 0.5087 0.21 2 0.9014 1.17 2 0.5567 
Satt444 B1 76.4 18.20 2 0.0001 13.30 2 0.0013 15.87 2 0.0004 10.98 2 0.0041 
Satt359 B1 92.1 23.66 4 0.0001 27.69 2 0.0000 14.70 4 0.0054 18.81 4 0.0009 
Satt453 B1 117.3 7.99 3 0.0463 11.20 3 0.0107 4.74 3 0.1916 9.14 2 0.0104 
Satt577 B2 0.0 27.16 5 0.0001 31.44 5 0.0000 11.09 5 0.0497 7.42 4 0.1154 
Sattl26 B2 29.9 27.66 3 0.0000 24.76 3 0.0000 16.94 3 0.0007 3.42 3 0.3308 
Sattl 68 B2 55.8 21.64 3 0.0001 29.19 3 0.0000 9.05 3 0.0286 9.76 3 0.0207 
Table A5 (continued) 
Satt304 B2 69.3 29.87 3 0.0000 33.36 3 0.0000 
Satt066 B2 97.3 11.34 4 0.0230 11.07 3 0.0114 
Satt063 B2 113.1 10.40 3 0.0155 5.86 2 0.0534 
Satt560 B2 132.7 17.34 3 0.0006 18.21 3 0.0004 
Satt565 Cl 0.0 3.31 3 0.3456 4.43 3 0.2188 
SOYGPATR Cl 21.0 5.03 2 0.0808 2.84 2 0.2413 
Sattl 94 Cl 30.2 5.79 5 0.3273 9.50 5 0.0906 
Satt578 Cl 74.0 16.22 2 0.0003 20.52 2 0.0000 
Sat_085 Cl 96.5 28.91 9 0.0007 28.07 9 0.0009 
Sattl 90 Cl 99.0 8.74 3 0.0330 11.44 3 0.0096 
Satt294 Cl 105.4 10.22 5 0.0692 11.09 5 0.0497 
Satt338 Cl 173.0 31.44 4 0.0000 33.02 4 0.0000 
Sattl 64 Cl 180.9 5.16 3 0.1604 1.83 3 0.6074 
Sat_062 C2 29.2 22.14 6 0.0011 22.39 5 0.0004 
Satt520 C2 45.9 0.93 2 0.6295 5.96 2 0.0509 
Satt291 C2 48.2 11.37 1 0.0007 12.53 1 0.0004 
Sattl70 C2 77.9 36.45 2 0.0000 23.73 2 0.0000 
Satt322 C2 84.6 1.95 1 0.1631 6.85 1 0.0089 
Satt363 C2 127.6 13.12 1 0.0003 8.18 1 0.0042 
Satt277 C2 138.8 14.46 4 0.0060 27.13 4 0.0000 
Satt319 C2 145.8 5.52 2 0.0634 2.84 2 0.2415 
Satt307 C2 168.3 28.53 2 0.0000 19.01 2 0.0001 
Satt371 C2 188.7 2.31 5 0.8046 3.66 5 0.5993 
Satt357 C2 193.5 2.34 2 0.3102 3.70 2 0.1576 
Sattl 84 Dla+Q 8.3 11.62 4 0.0204 7.15 4 0.1282 
Satt531 Dla+Q 24.3 1.86 1 0.1730 0.69 1 0.4071 
Satt368 Dla+Q 41.1 9.79 3 0.0204 12.83 3 0.0050 
Satt321 Dla+Q 54.7 11.29 3 0.0103 6.69 3 0.0825 
Sattl 79 Dla+Q 67.8 11.38 2 0.0034 12.03 2 0.0024 
Satt436 Dla+Q 89.3 27.13 6 0.0001 21.30 6 0.0016 
Sattl29 Dla+Q 118.2 12.65 3 0.0055 18.57 3 0.0003 
Sattl 47 Dla+Q 123.0 10.29 1 0.0013 4.50 1 0.0339 
Satt216 Dlb+W 0.0 4.27 3 0.2340 7.20 3 0.0659 
Sattl 57 Dlb+W 14.9 24.46 6 0.0004 14.47 5 0.0129 
Satt266 Dlb+W 38.5 3.21 1 0.0730 3.22 1 0.0729 
16.34 2 0.0003 8.90 3 0.0306 
7.77 4 0.1003 6.03 4 0.1968 
8.15 3 0.0431 2.50 2 0.2862 
12.41 3 0.0061 8.65 2 0.0133 
1.95 3 0.5839 2.25 3 0.5216 
3.79 2 0.1506 0.25 1 0.6188 
2.32 2 0.3138 8.08 5 0.1519 
5.42 1 0.0199 12.86 2 0.0016 
21.19 7 0.0035 16.68 6 0.0105 
3.04 2 0.2185 4.11 3 0.2499 
4.26 4 0.3719 5.39 2 0.0677 
18.14 4 0.0012 11.71 4 0.0197 
6.53 3 0.0884 1.74 3 0.6276 
15.95 5 0.0070 24.43 5 0.0002 
1.33 2 0.5131 10.67 2 0.0048 
4.70 1 0.0302 2.28 1 0.1313 
22.52 2 0.0000 n/a 
0.08 1 0.7813 5.18 1 0.0228 
8.18 1 0.0042 n/a 
3.47 3 0.3241 15.48 4 0.0038 
4.48 2 0.1064 0.31 1 0.5800 
22.34 2 0.0000 0.66 2 0.7174 
1.57 5 0.9049 2.86 5 0.7223 
4.97 2 0.0835 10.43 2 0.0054 
8.81 4 0.0659 0.45 2 0.7969 
2.17 1 0.1410 0.36 1 0.5486 
5.19 2 0.0746 8.27 3 0.0408 
8.77 3 0.0325 2.31 2 0.3152 
5.83 2 0.0541 3.60 2 0.1651 
21.64 5 0.0006 8.00 5 0.1560 
6.33 3 0.0966 9.00 3 0.0293 
10.17 1 0.0014 0.83 1 0.3627 
7.25 3 0.0644 14.84 3 0.0020 
19.45 6 0.0035 4.48 4 0.3455 
1.54 1 0.2151 0.28 1 0.5969 
Table A5 (continued) 
Sattl41 Dlb+W 52.8 28.99 3 0.0000 14.91 3 0.0019 
Satt506 Dlb+W 52.8 10.04 1 0.0015 6.53 1 0.0106 
Satt546 Dlb+W 63.0 7.44 • 1 0.0064 0.99 1 0.3208 
Satt274 Dlb+W 82.5 9.41 6 0.1519 11.07 6 0.0863 
Satt459 Dlb+W 98.6 11.57 1 0.0007 6.29 1 0.0121 
Satt271 Dlb+W 106.8 4.31 2 0.1161 2.20 2 0.3324 
ScttOOS D2 0.0 0.36 1 0.5465 4.30 1 0.0381 
Sattl35 D2 34.7 7.24 2 0.0268 2.17 2 0.3382 
Satt458 02 34.7 37.95 7 0.0000 21.62 6 0.0014 
Satt582 02 66.9 0.05 1 0.8255 3.08 1 0.0794 
Satt389 D2 93.8 13.62 5 0.0182 13.02 5 0.0232 
Satt311 D2 106.6 2.80 3 0.4229 7.41 3 0.0598 
Satt082 02 112.1 1.39 2 0.4999 0.12 2 0.9415 
Satt301 D2 121.8 11.45 4 0.0219 8.90 4 0.0637 
Sattl 86 D2 139.1 7.90 3 0.0481 4.23 2 0.1206 
Satt413 D2 148.3 10.65 1 0.0011 6.39 1 0.0115 
Satt256 02 154.8 18.06 1 0.0000 27.79 1 0.0000 
Satt212 E 0.0 6.14 5 0.2924 4.43 5 0.4891 
Satt213 E 12.3 3.35 1 0.0670 2.17 1 0.1411 
Satt411 E 22.5 4.00 3 0.2615 7.14 3 0.0675 
Satt598 E 43.5 13.13 1 0.0003 23.14 1 0.0000 
Sat_124 E 64.4 24.69 11 0.0101 20.95 9 0.0129 
Satt491 E 85.2 6.87 3 0.0761 5.30 3 0.1512 
Satt204 E 100.6 6.11 4 0.1914 5.81 4 0.2141 
Satt355 E 102.2 5.81 3 0.1212 7.43 3 0.0593 
Satt230 E 137.8 0.04 1 0.8403 3.21 1 0.0731 
Sattl 46 F 0.0 10.05 5 0.0738 6.71 5 0.2435 
Satt343 F 1.7 3.56 4 0.4682 7.50 4 0.1119 
Satt252 F 16.2 5.22 4 0.2653 8.48 4 0.0754 
Satt516 F 50.7 9.36 3 0.0249 11.16 3 0.0109 
Satt425 F 56.4 8.34 2 0.0154 5.24 2 0.0727 
Sattl 14 F 80.6 12.30 3 0.0064 25.60 3 0.0000 
Satt334 F 95.0 20.17 3 0.0002 25.83 3 0.0000 
Sat_120 F 113.3 13.20 6 0.0400 20.81 5 0.0009 
SattSIO F 114.8 6.67 3 0.0833 12.59 3 0.0056 
31.68 3 0.0000 5.78 3 0.1230 
7.98 1 0.0047 0.07 1 0.7932 
13.33 1 0.0003 6.63 1 0.0100 
5.32 6 0.5036 7.00 6 0.3208 
12.02 1 0.0005 0.97 1 0.3255 
3.90 2 0.1419 0.25 2 0.8809 
0.20 1 0.6557 5.46 1 0.0195 
16.57 2 0.0003 17.65 1 0.0000 
40.12 7 0.0000 24.71 4 0.0001 
0.50 1 0.4812 5.18 1 0.0228 
13.19 5 0.0217 9.38 5 0.0948 
3.02 3 0.3887 10.54 3 0.0145 
3.16 2 0.2058 2.03 2 0.3616 
10.41 4 0.0341 4.14 4 0.3875 
6.50 3 0.0896 2.27 1 0.1317 
8.31 1 0.0039 0.12 1 0.7249 
5.41 1 0.0201 9.74 1 0.0018 
6.15 5 0.2922 4.61 4 0.3297 
2.17 1 0.1411 n/a 
5.42 3 0.1436 14.22 2 0.0008 
2.30 1 0.1291 10.23 1 0.0014 
27.70 11 0.0036 24.93 9 0.0030 
13.81 3 0.0032 20.66 2 0.0000 
9.54 4 0.0489 14.02 3 0.0029 
5.38 3 0.1460 9.52 2 0.0086 
0.69 1 0.4073 5.77 1 0.0163 
6.08 5 0.2988 0.31 3 0.9589 
3.14 4 0.5354 8.96 4 0.0621 
1.36 3 0.7151 7.72 3 0.0521 
5.19 3 0.1587 8.53 3 0.0363 
4.92 2 0.0855 0.01 1 0.9266 
1.98 3 0.5764 17.14 3 0.0007 
6.93 3 0.0742 8.85 2 0.0120 
7.55 4 0.1094 19.33 6 0.0036 
0.82 2 0.6625 8.64 3 0.0345 
Table A5 (continued) 
Satt335 F 126.2 3.50 1 0.0612 8.28 1 0.0040 
Sattl44 F 157.8 1.37 1 0.2413 0.10 1 0.7547 
Sat_074 F 181.8 28.33 11 0.0029 25.30 9 0.0027 
Satt038 G 0.0 18.83 5 0.0021 18.80 5 0.0021 
Satt309 G 1.9 43.94 10 0.0000 30.55 5 0.0000 
Satt324 G 25.9 17.99 2 0.0001 22.92 2 0.0000 
Satt394 G 51.6 6.73 . 3 0.0812 4.39 3 0.2224 
Satt594 G 61.3 20.75 • 3 0.0001 7.09 3 0.0690 
Satt340 G 77.4 7.40 "2 0.0247 3.18 2 0.2038 
Satt505 G 100.1 6.24 4 0.1822 2.68 3 0.4429 
Sattl 99 G 100.8 7.39 2 0.0248 4.42 2 0.1098 
SattS 17 G 103.2 12.77 4 0.0125 12.58 4 0.0135 
Sat_l 17 G 138.4 7.46 5 0.1886 10.59 5 0.0601 
Sct_187 G 155.7 11.50 2 0.0032 6.75 2 0.0342 
Satt568 H 27.6 1.24 1 0.2646 0.78 1 0.3775 
Sattl 92 H 41.1 11.43 4 0.0221 26.81 3 0.0000 
Satt469 H 68.5 9.00 1 0.0027 16.59 1 0.0000 
Satt314 H 77.3 6.54 3 0.0882 4.06 3 0.2548 
Satt302 H 110.4 18.16 3 0.0004 13.80 3 0.0032 
Satt317 H 128.4 4.55 2 0.1030 3.37 2 0.1856 
Satt434 H 152.4 8.28 7 0.3085 6.87 7 0.4420 
Satt571 I 2.4 3.05 2 0.2178 7.19 2 0.0274 
Sattl 27 I 15.5 5.72 2 0.0572 5.62 2 0.0602 
Satt239 I 25.3 20.34 4 0.0004 21.73 4 0.0002 
Satt270 I 57.9 12.59 3 0.0056 10.70 3 0.0134 
Sattl48 I 84.5 6.89 3 0.0755 8.22 3 0.0417 
Satt440 I 114.2 7.55 3 0.0563 12.42 3 0.0061 
Satt285 J 19.5 34.38 3 0.0000 30.06 3 0.0000 
Satt596 J 63.6 11.98 4 0.0175 5.41 3 0.1443 
Sattl 32 J 69.7 0.95 1 0.3304 0.35 1 0.5550 
Satt529 J 74.4 8.40 3 0.0384 1.29 2 0.5251 
Sct_001 J 75.8 2.87 1 0.0904 3.20 1 0.0738 
Satt244 J 105.5 29.18 6 0.0001 25.53 6 0.0003 
Satt431 J 118.0 15.59 5 0.0081 10.34 5 0.0661 
Satt539 K 4.3 14.92 1 0.0001 13.74 1 0.0002 
0.12 1 0.7313 5.68 1 0.0172 
2.91 1 0.0878 1.79 1 0.1804 
22.71 11 0.0194 18.44 8 0.0182 
9.97 5 0.0762 8.30 4 0.0813 
38.84 10 0.0000 14.57 9 0.1033 
5.71 2 0.0576 5.38 2 0.0680 
5.34 3 0.1486 0.26 3 0.9666 
29.60 3 0.0000 11.35 2 0.0034 
7.78 2 0.0204 3.31 1 0.0687 
6.96 4 0.1379 5.01 2 0.0815 
5.18 2 0.0750 0.98 1 0.3217 
7.14 4 0.1287 3.87 3 0.2756 
3.69 5 0.5942 7.04 3 0.0707 
9.29 2 0.0096 3.18 1 0.0743 
0.78 1 0.3775 n/a 
4.26 4 0.3722 23.79 4 0.0001 
0.58 1 0.4469 9.81 1 0.0017 
4.89 3 0.1803 1.79 1 0.1804 
10.28 3 0.0163 0.56 1 0.4542 
3.55 2 0.1697 0.16 2 0.9238 
4.81 6 0.5685 4.94 3 0.1759 
0.86 2 0.6520 6.81 2 0.0333 
2.41 2 0.2994 1.40 1 0.2372 
9.53 4 0.0491 6.80 3 0.0787 
7.53 3 0.0568 2.10 2 0.3501 
7.14 3 0.0676 9.40 2 0.0091 
4.96 3 0.1746 14.53 2 0.0007 
17.83 3 0.0005 7.33 1 0.0068 
18.21 4 0.0011 13.87 4 0.0077 
1.12 1 0.2903 0.20 1 0.6548 
12.86 3 0.0049 11.02 3 0.0116 
1.05 1 0.3055 0.42 1 0.5177 
26.11 6 0.0002 18.49 3 0.0003 
15.94 5 0.0070 5.09 5 0.4053 
8.66 1 0.0033 0.56 1 0.4542 
Table A5 (continued) 
Sat_087 K 7.3 35.57 
Sat_119 K 20.3 25.84 
Sattl 78 K 55.1 22.12 
Satt544 K 72.8 22.06 
Satt559 K 85.2 35.79 
Satt273 K 120.0 32.17 
Satt260 K 145.1 4.54 
Sattl96 K. 164.8 3.86 
Satt588 K 184.6 14.63 
Satt495 L 4.5 3.37 
Sattl 43 L 31.8 6.88 
Satt523 L 32.4 3.08 
Satt462 L 49.3 22.29 
Sattl 56 L 65.8 23.01 
Sat_099 L 89.4 16.69 
Satt373 L 118.0 16.57 
Satt513 L 118.6 7.06 
Satt590 M 12.4 44.01 
Satt567 M 41.0 15.11 
Satt540 M 45.5 17.52 
Satt323 M 77.6 1.01 
Sattl 75 M 91.1 14.40 
Satt306 M 106.0 15.25 
Sat_121 M 131.7 26.63 
SatClO M 152.6 36.02 
Satt336 M 173.5 16.81 
Sattl 52 N 16.3 42.66 
Satt584 N 35.4 4.26 
Satt485 N 36.3 4.09 
Satt387 N 61.2 15.04 
Satt521 N 75.2 13.49 
Sat_091 N 95.5 29.16 
Satt358 0 2.4 24.80 
Satt487 0 5.7 47.08 
SattSOO 0 10.9 29.00 
0.0004 42.39 11 0.0000 
0.0005 16.73 7 0.0192 
0.0000 12.72 2 0.0017 
0.0005 25.19 4 0.0000 
0.0000 27.69 6 0.0001 
0.0000 33.66 6 0.0000 
0.2091 6.68 3 0.0830 
0.1454 1.44 2 0.4869 
0.0121 15.48 5 0.0085 
0.0662 6.89 1 0.0087 
0.0758 20.71 3 0.0001 
0.2144 7.80 2 0.0203 
0.0044 24.28 8 0.0021 
0.0000 14.70 3 0.0021 
0.0105 15.76 6 0.0151 
0.0110 11.62 6 0.0709 
0.0701 4.44 3 0.2180 
0.0000 34.42 6 0.0000 
0.0005 16.11 2 0.0003 
0.0075 24.83 6 0.0004 
0.6042 13.50 2 0.0012 
0.0133 24.37 5 0.0002 
0.0016 9.08 2 0.0107 
0.0008 18.57 8 0.0173 
0.0000 27.25 4 0.0000 
0.0000 11.54 1 0.0007 
0.0000 52.78 6 0.0000 
0.2345 5.27 3 0.1529 
0.1295 10.35 2 0.0057 
0.0018 12.35 3 0.0063 
0.0091 7.90 4 0.0953 
0.0000 22.97 5 0.0003 
0.0002 24.90 5 0.0001 
0.0000 52.84 5 0.0000 




































24.80 12 0.0158 24.03 8 0.0023 
17.43 7 0.0148 3.42 3 0.3316 
16.15 2 0.0003 1.40 1 0.2373 
12.94 5 0.0240 13.92 4 0.0076 
35.26 6 0.0000 18.10 5 0.0028 
16.31 5 0.0060 12.76 4 0.0125 
1.89 3 0.5952 4.80 2 0.0908 
5.45 2 0.0655 2.27 1 0.1317 
6.10 5 0.2969 3.56 2 0.1686 
0.23 1 0.6300 4.23 1 0.0397 
0.76 3 0.8595 15.42 3 0.0015 
4.76 2 0.0927 12.06 2 0.0024 
13.19 7 0.0676 14.68 5 0.0118 
13.94 3 0.0030 n/a 
11.82 6 0.0662 9.56 3 0.0227 
14.95 6 0.0206 11.40 2 0.0033 
4.44 3 0.2180 0.00 1 0.9957 
36.74 6 0.0000 13.06 4 0.0110 
6.47 2 0.0395 3.22 1 0.0727 
7.80 6 0.2528 16.75 3 0.0008 
5.13 2 0.0768 26.09 2 0.0000 
5.00 5 0.4162 17.66 4 0.0014 
11.12 3 0.0111 2.27 1 0.1317 
21.38 8 0.0062 13.35 6 0.0378 
23.97 4 0.0001 4.91 2 0.0858 
13.28 1 0.0003 0.10 1 0.7576 
20.53 6 0.0022 17.99 5 0.0030 
6.22 3 0.1012 13.34 2 0.0013 
5.66 1 0.0174 20.00 2 0.0000 
8.73 3 0.0331 0.86 1 0.3550 
9.96 4 0.0411 2.17 2 0.3377 
18.01 5 0.0029 2.69 4 0.6102 
12.73 5 0.0260 4.40 2 0.1107 
30.97 5 0.0000 20.41 3 0.0001 
16.66 4 0.0022 5.71 3 0.1266 
Table A5 (continued) 
Satt445 0 25.0 26.61 9 0.0016 29.82 9 0.0005 13.49 9 0.1418 8.99 7 0.2530 
Satt259 0 37.7 26.95 3 0.0000 27.86 3 0.0000 16.43 3 0.0009 3.22 3 0.3585 
Satt479 0 68.4 5.56 3 0.1353 6.40 3 0.0937 8.84 2 0.0120 9.94 3 0.0191 
Satt478 0 81.7 11.40 6 0.0768 11.51 5 0.0422 7.24 6 0.2990 8.46 4 0.0762 
Satt477 0 103.8 3.40 2 0.1827 3.02 2 0.2212 4.04 2 0.1326 5.18 1 0.0228 
Satt592 0 120.5 5.39 2 0.0676 2.65 2 0.2663 5.52 2 0.0633 1.01 2 0.6042 
Satt331 0 127.9 18.30 1 0.0000 9.73 1 0.0018 19.82 1 0.0000 2.01 1 0.1563 
Sat_038 0 153.3 1.22 2 0.5423 2.34 1 0.1257 2.08 2 0.3543 4.76 2 0.0925 
Sat 108 0 164.5 15.75 2 0.0004 7.06 2 0.0293 20.54 2 0.0000 7.54 2 0.0230 
t COH = highest-yielding CO lines used to form the CI population of API 0, C4H = highest-yielding C4 lines from AP10, C4L 
lowest-yielding lines from AP10, and C4HL = highest- and lowest-yielding C4 lines from AP10. 
t LG = linkage group. 
§ Markers that had P < 0.001 for the G-test for no difference in allele frequency between two groups are in bold. 
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Table A6. Intra-population comparison of SSR allele frequency changes from the original 
parents to the highest-yielding C4 lines in the soybean population API2. 
Fvs.C4Hf 
Marker LG1 Position G-value df Prob(G)! 
Satt276 A1 5.1 15.99 14 0.3139 
Sattl 65 A1 14.6 8.92 4 0.0632 
Satt364 A1 19.1 838 2 0.0152 
Satt471 A1 19.1 3.37 2 0.1852 
Sattl 55 A1 28.5 3.89 4 0.4213 
Satt050 A1 44.4 11.59 4 0.0207 
Satt385 A1 69.9 5.67 5 0.3397 
Satt545 A1 75.3 18.17 9 0.0332 
Satt599 A1 832 1.96 3 0.5810 
Satt225 A1 87.3 20.05 4 0.0005 
Satt390 A2 8.6 10.22 2 0.0060 
Satt493 A2 23.3 25.51 3 0.0000 
Sattl 87 A2 50.0 3.45 3 0.3280 
Satt424 A2 61.7 5.61 8 0.6908 
Satt341 A2 73.5 3.42 4 0.4902 
Sat_129 A2 78.3 4.72 8 0.7873 
Satt327 A2 108.7 0.20 2 0.9061 
Satt455 A2 138.2 4.54 2 0.1035 
Satt409 A2 154.7 14.03 7 0.0507 
Satt378 A2 175.2 4.30 6 0.6363 
Satt429 A2 184.0 18.45 7 0.0101 
Satt426 B1 22.5 8.85 6 0.1823 
Satt509 B1 26.7 6.06 5 0.3003 
Satt251 B1 34.9 2.14 3 0.5447 
Sattl 97 B1 39.0 12.74 7 0.0787 
Sct_026 B1 71.6 0.86 2 0.6501 
Satt444 B1 76.4 1.08 2 0.5828 
Satt359 B1 92.1 4.01 3 0.2605 
Satt453 B1 117.3 6.40 4 0.1712 
Satt577 B2 0.0 14.49 5 0.0128 
Sattl 26 B2 29.9 6.99 2 0.0304 
Sattl 68 B2 55.8 2.01 5 0.8479 
Satt304 B2 69.3 14.75 2 0.0006 
Satt066 B2 97.3 34.50 7. • 0.0000 
Satt063 B2 113.1 7.68 3 0.0531 
Satt560 B2 132.7 6.20 6 0.4016 
Satt565 CI 0.0 2.15 3 0.5428 
SOYGPATR CI 21.0 1.95 2 0.3770 
Sattl 94 CI 30.2 24.06 5 0.0002 
Satt578 CI 74.0 0.58 2 0.7472 
Sat_085 CI 96.5 44.06 13 0.0000 
Sattl90 CI 99.0 7.28 3 0.0636 
Satt294 CI 105.4 14.63 5 0.0121 
Satt338 CI 173.0 7.05 8 0.5313 
Sattl 64 CI 180.9 12.09 4 0.0167 
Sat 062 C2 29.2 21.23 14 0.0958 
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Table A6 (continued) 
Satt520 C2 45.9 3.19 4 0.5258 
Satt291 C2 48.2 0.97 1 0.3251 
Sattl 70 C2 77.9 25.67 2 0.0000 
Satt322 C2 84.6 1.59 2 0.4516 
Satt450 C2 112.8 0.51 2 0.7751 
Satt363 C2 127.6 0.61 2 0.7367 
Satt277 C2 138.8 8.70 7 0.2746 
Satt319 C2 145.8 5.68 3 0.1282 
Satt307 C2 168.3 8.33 5 0.1389 
Satt371 C2 188.7 5.04 7 0.6547 
Satt357 C2 193.5 1.86 2 0.3949 
Sattl 84 Dla+Q 8.3 19.53 4 0.0006 
Satt531 Dla+Q 24.3 4.21 4 0.3785 
Satt368 Dla+Q 41.1 19.13 7 0.0078 
Satt321 Dla+Q 54.7 6.96 3 0.0732 
Sattl 79 Dla+Q 67.8 14.65 3 0.0021 
Satt436 Dla+Q 89.3 38.65 7 0.0000 
Sattl 29 Dla+Q 118.2 3.52 3 0.3188 
Sattl 47 Dla+Q 123.0 3.54 3 0.3151 
Satt216 Dlb+W 0.0 23.98 5 0.0002 
Sattl 57 Dlb+W 14.9 11.52 7 0.1177 
Satt266 Dlb+W 38.5 0.61 1 0.4333 
Sattl 41 Dlb+W 52.8 18.92 4 0.0008 
Satt506 Dlb+W 52.8 6.62 3 0.0849 
Satt546 Dlb+W 63.0 2.95 1 0.0861 
Satt274 Dlb+W 82.5 40.75 6 0.0000 
Satt459 Dlb+W 98.6 3.05 2 0.2172 
Satt271 Dlb+W 106.8 8.78 3 0.0324 
ScttOOS D2 0.0 25.87 2 0.0000 
Sattl 35 02 34.7 11.17 2 0.0037 
Satt458 02 34.7 14.86 10 0.1372 
Satt582 02 66.9 5.20 2 0.0743 
Satt389 D2 93.8 15.95 5 0.0070 
Satt311 D2 106.6 39.01 4 0.0000 
Satt082 02 112.1 16.32 2 0.0003 
Satt301 D2 121.8 25.65 6 0.0003 
Sattl 86 D2 139.1 8.48 5 0.1318. 
Satt413 02 148.3 15.08 3 0.0018 
Satt256 02 154.8 1.57 1 0.2106 
Satt212 E 0.0 26.70 7 0.0004 
Satt213 E 12.3 1.86 5 0.8681 
Satt411 E 22.5 8.12 3 0.0435 
Satt598 E 43.5 0.24 1 0.6234 
Sat_124 E 64.4 33.64 19 0.0203 
Satt491 E 85.2 6.70 4 0.1526 
Satt204 E 100.6 3.41 5 0.6364 
Satt355 E 102.2 5.44 3 0.1421 
Satt230 E 137.8 3.16 1 0.0753 
Sattl46 F 0.0 15.10 7 0.0348 
Satt343 F 1.7 22.78 5 0.0004 
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Table A6 (continued) 
Satt252 F 16.2 16.96 4 0.0020 
Satt516 F 50.7 5.70 4 0.2227 
Satt425 F 56.4 0.75 4 0.9451 
Sattl 14 F 80.6 5.24 5 0.3877 
Satt334 F 95.0 6.20 4 0.1844 
Sat_l 20 F 113.3 20.52 7 0.0045 
SattSIO F 114.8 20.02 4 0.0005 
Satt335 F 126.2 2.81 2 0.2454 
Sattl 44 F 157.8 6.97 2 0.0307 
Satt395 F 178.2 0.85 2 0.6530 
Sat_074 F 181.8 38.46 11 0.0001 
Satt038 G 0.0 22.28 6 0.0011 
Satt309 G 1.9 50.76 14 0.0000 
Satt324 G 25.9 42.77 2 0.0000 
Satt394 G 51.6 11.83 3 0.0080 
Satt594 G 61.3 4.75 5 0.4474 
Satt340 G 77.4 1.54 3 0.6728 
Satt505 G 100.1 5.51 6 0.4801 
Sattl 99 G 100.8 0.75 2 0.6864 
Satt517 G 103.2 13.75 5 0.0172 
Sat_l 17 G 138.4 10.57 6 0.1026 
Set_187 G 155.7 4.00 3 0.2615 
Satt568 H 27.6 1.12 1 0.2901 
Sattl 92 H 41.1 37.43 3 0.0000 
Satt469 H 68.5 7.81 1 0.0052 
Satt314 H 77.3 3.34 4 0.5020 
Satt302 H 110.4 17.90 3 0.0005 
Satt317 H 128.4 6.97 3 0.0727 
Satt434 H 152.4 3.97 4 0.4103 
Satt571 I 2.4 20.65 3 0.0001 
Sattl 27 I 15.5 37.40 3 0.0000 
Satt239 I 25.3 30.36 5 0.0000 
Satt270 I 57.9 29.37 4 0.0000 
Sattl 48 I 84.5 18.56 4 0.0010 
Satt440 I 114.2 6.62 4 0.1577 
Satt285 J 19.5 1.25 3 0.7422 
Satt596 J 63.6 10.50 6 0.1051 
Sattl 32 J 69.7 5.63 1 0.0177 
Satt529 J 74.4 2.93 3 0.4030 
Sct_001 J 75.8 0.11 1 0.7347 
Satt244 J 105.5 25.10 8 0.0015 
Satt431 J 118.0 3.75 6 0.7108 
Satt539 K 4.3 1.01 3 0.7989 
Sat_087 K 7.3 33.99 15 0.0034 
Sat_119 K 20.3 16.25 12 0.1799 
Sattl78 K 55.1 8.37 5 0.1371 
Satt544 K 72.8 23.44 6 0.0007 
Satt559 K 85.2 18.56 18 0.4192 
Satt273 K 120.0 29.41 6 0.0001 
Satt260 K 145.1 22.35 3 0.0001 
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Table A6 (continued) 
Sattl 96 K 164.8 1.22 3 0.7493 
Satt588 K 184.6 7.32 6 0.2924 
Satt495 L 4.5 7.37 1 0.0066 
Sattl 43 L 31.8 14.79 4 0.0052 
Satt523 L 32.4 9.99 3 0.0186 
Satt462 L 49.3 25.78 11 0.0070 
Sattl 56 L 65.8 5.83 4 0.2119 
Sat_099 L 89.4 9.71 7 0.2054 
Satt373 L 118.0 17.18 8 0.0283 
Satt513 L 118.6 5.42 6 0.4907 
Satt590 M 12.4 22.67 9 0.0070 
Satt567 M 41.0 6.24 2 0.0442 
Satt540 M 45.5 30.33 6 0.0000 
Satt323 M 77.6 2.36 7 0.9375 
Sattl 75 M 91.1 16.58 5 0.0054 
Satt306 M 106.0 25.32 2 0.0000 
Sat_121 M 131.7 29.16 12 0.0037 
Satt210 M 152.6 24.04 4 0.0001 
Satt336 M 173.5 4.98 2 0.0831 
Sattl 52 N 16.3 8.24 9 0.5100 
Satt584 N 35.4 12.90 4 0.0118 
Satt485 N 36.3 7.50 1 0.0062 
Satt387 N 61.2 2.60 3 0.4578 
Satt521 N 75.2 8.85 4 0.0649 
Sat_091 N 95.5 12.38 5 0.0299 
Satt358 0 2.4 21.03 5 0.0008 
Satt487 O 5.7 17.95 5 0.0030 
SattSOO O 10.9 12.60 5 0.0274 
Satt445 o 25.0 3.65 13 0.9944 
Satt259 o 37.7 5.50 3 0.1387 
Satt479 0 68.4 10.90 3 0.0123 
Satt478 o 81.7 26.17 11 0.0061 
Satt477 o 103.8 2.74 2 0.2545 
Satt592 o 120.5 14.36 3 0.0025 
Satt331 0 127.9 5.86 2 0.0535 
Sat_038 o 153.3 5.59 8 0.6932 
Sat 108 o 164.5 27.81 7 0.0002 
t F = original parents of AP12 and C4H = highest-yielding C4 lines from AP12. 
% LG = linkage group. 
§ Markers that had P < 0.001 for the G-test for no difference in allele frequency between two 
groups are in bold. 
Table A7. Intra-population comparisons of SSR allele frequency changes from the original parents to improved cycles of selection 
in soybean population API4. 
Marker LG* 
F vs. C0Hf F vs. C4HL F vs. C4H F vs. C4L 
Position G-value df Prob(G)5 G-value df Prob(G) G-value df Prob(G) G-value df Prob(G) 
Satt276 A1 5.1 2.89 3 0.4095 4.70 3 0.1948 1.86 3 0.6029 5.48 3 0.1400 
Sattl 65 A1 14.6 8.34 3 0.0394 37.35 3 0.0000 25.70 3 0.0000 21.66 2 0.0000 
Satt364 A1 19.1 1.36 1 0.2431 1.91 1 0.1665 1.04 1 0.3076 1.04 1 0.3076 
Satt471 A1 19.1 7.83 2 0.0200 34.43 2 0.0000 17.34 2 0.0002 28.54 2 0.0000 
Sattl 55 A1 28.5 7.09 3 0.0692 13.59 4 0.0087 5.97 3 0.1133 11.29 4 0.0235 
SattOSO A1 44.4 1.07 2 0.5862 0.41 2 0.8155 5.56 2 0.0621 4.77 2 0.0922 
Satt385 A1 69.9 4.60 3 0.2031 30.09 4 0.0000 17.38 4 0.0016 17.38 4 0.0016 
Satt545 A! 75.3 13.32 8 0.1012 28.97 8 0.0003 16.60 8 0.0345 20.23 8 0.0095 
Satt599 A1 83.2 1.82 1 0.1772 15.00 1 0.0001 6.11 1 0.0135 14.17 1 0.0002 
Satt225 A1 87.3 3.24 2 0.1983 10.42 2 0.0055 12.18 2 0.0023 2.88 2 0.2364 
Satt390 A2 8.6 0.00 1 0.9539 2.60 1 0.1068 1.68 1 0.1944 1.68 1 0.1944 
Satt493 A2 23.3 4.66 3 0.1985 0.98 2 0.6122 2.63 2 0.2688 1.76 2 0.4154 
Sattl 87 A2 50.0 2.06 2 0.3571 2.35 2 0.3088 1.57 2 0.4561 7.01 2 0.0300 
Satt424 A2 61.7 6.74 3 0.0808 16.67 5 0.0052 6.35 4 0.1744 19.53 5 0.0015 
Satt341 A2 73.5 1.30 1 0.2544 1.84 1 0.1755 0.99 1 0.3202 0.99 1 0.3202 
Sat_129 A2 78.3 16.26 6 0.0124 15.92 6 0.0142 18.43 6 0.0052 7.31 6 0.2928 
Satt327 A2 108.7 0.45 1 0.5032 21.38 1 0.0000 10.82 1 0.0010 15.40 1 0.0001 
Satt455 A2 138.2 1.11 1 0.2920 31.29 1 0.0000 26.51 1 0.0000 17.77 1 0.0000 
Satt409 A2 154.7 5.99 4 0.1999 5.67 4 0.2249 2.50 4 0.6454 4.36 4 0.3593 
Satt378 A2 175.2 9.24 7 0.2358 45.39 5 0.0000 35.10 5 0.0000 22.88 5 0.0004 
Satt429 A2 184.0 11.88 3 0.0078 82.89 3 0.0000 55.95 3 0.0000 55.73 3 0.0000 
Satt426 B1 22.5 7.13 3 0.0680 11.92 4 0.0180 13.84 4 0.0078 3.10 2 0.2122 
Satt509 B1 26.7 6.80 2 0.0334 21.26 3 0.0001 9.38 2 0.0092 18.69 3 0.0003 
Satt251 B1 34.9 1.73 1 0.1886 0.02 1 0.8945 0.52 1 0.4688 0.21 1 0.6441 
Sattl97 B1 39.0 8.64 4 0.0707 11.87 4 0.0184 9.39 4 0.0521 7.79 4 0.0997 
Sct_026 B1 71.6 4.00 1 0.0455 3.75 1 0.0529 0.30 1 0.5857 17.89 1 0.0000 
Satt444 B1 76.4 1.42 1 0.2342 2.74 1 0.0977 4.04 1 0.0445 n/a 
Table A7 (continued) 
Satt359 B1 92.1 4.93 2 0.0849 6.85 2 
Satt453 B1 117.3 1.38 2 0.5005 2.01 2 
Satt577 B2 0.0 12.07 5 0.0339 16.17 5 
Sattl 26 B2 29.9 1.74 2 0.4200 0.02 1 
Sattl 68 B2 55.8 7.63 5 0.1781 19.22 5 
Satt304 B2 69.3 1.16 2 0.5592 25.40 2 
Satt066 B2 97.3 6.96 6 0.3245 7.59 6 
Satt063 B2 113.1 0.07 1 0.7959 6.12 1 
SattS60 B2 132.7 8.44 2 0.0147 18.25 2 
Satt565 Cl 0.0 2.75 2 0.2533 20.75 2 
SOYGPATR Cl 21.0 1.99 2 0.3700 21.22 2 
Sattl 94 Cl 30.2 8.16 4 0.0858 4.55 5 
Satt578 Cl 74.0 2.35 2 0.3083 1.85 1 
Sat_085 Cl 96.5 61.20 8 0.0000 37.39 9 
Sattl 90 Cl 99.0 2.69 3 0.4426 66.46 3 
Satt294 Cl 105.4 16.65 4 0.0023 28.47 5 
Satt338 Cl 173.0 8.65 3 0.0343 24.47 3 
Sattl 64 Cl 180.9 6.20 3 0.1021 27.32 3 
Sat_062 C2 29.2 8.63 7 0.2805 22.56 7 
Satt520 C2 45.9 1.12 2 0.5710 12.14 2 
Sattl 70 C2 77.9 40.66 1 0.0000 54.50 1 
Satt322 C2 84.6 2.97 1 0.0848 24.12 1 
Satt450 C2 112.8 0.51 1 0.4730 0.73 1 
Satt363 C2 127.6 2.71 1 0.0995 12.96 1 
Satt277 C2 138.8 5.42 4 0.2466 17.83 5 
Satt319 C2 145.8 0.73 2 0.6952 12.63 2 
Satt307 C2 168.3 6.59 4 0.1594 1.34 2 
Satt371 C2 188.7 1.70 6 0.9450 9.20 6 
Satt357 C2 193.5 6.10 1 0.0135 19.60 1 
Sattl 84 Dla+Q 8.3 5.43 3 0.1426 22.30 3 
Satt531 Dla+Q 24.3 5.56 1 0.0184 7.71 1 
0.0326 4.59 2 0.1009 9.76 2 0.0076 
0.3657 2.05 2 0.3586 1.74 2 0.4185 
0.0064 9.04 5 0.1075 10.17 5 0.0705 
0.8818 0.04 1 0.8499 0.18 1 0.6702 
0.0018 16.19 5 0.0063 11.99 5 0.0349 
0.0000 5.84 2 0.0539 32.77 2 0.0000 
0.2698 4.36 6 0.6286 8.57 6 0.1994 
0.0134 4.54 1 0.0331 3.44 1 0.0636 
0.0001 14.77 2 0.0006 10.98 2 0.0041 
0.0000 19.20 2 0.0001 9.02 2 0.0110 
0.0000 21.02 2 0.0000 8.55 2 0.0139 
0.4736 5.34 4 0.2543 5.65 5 0.3419 
0.1738 0.05 1 0.8230 5.74 1 0.0166 
0.0000 18.78 8 0.0161 30.97 9 0.0003 
0.0000 34.91 3 0.0000 48.81 3 0.0000 
0.0000 23.36 4 0.0001 24.78 5 0.0002 
0.0000 10.10 3 0.0177 30.19 3 0.0000 
0.0000 17.52 3 0.0006 23.57 3 0.0000 
0.0020 13.86 7 0.0537 21.11 7 0.0036 
0.0023 4.38 2 0.1118 15.94 2 0.0003 
0.0000 29.84 1 0.0000 33.62 1 0.0000 
0.0000 24.09 1 0.0000 8.91 1 0.0028 
0.3922 0.38 1 0.5401 0.38 1 0.5401 
0.0003 7.37 1 0.0066 7.37 1 0.0066 
0.0032 6.70 5 0.2438 28.38 4 0.0000 
0.0018 6.98 2 0.0305 6.98 2 0.0305 
0.5113 0.87 2 0.6461 3.07 2 0.2154 
0.1628 5.37 6 0.4977 7.64 6 0.2653 
0.0000 11.55 1 0.0007 10.89 1 0.0010 
0.0001 15.40 3 0.0015 17.42 3 0.0006 
0.0055 4.33 1 0.0375 4.33 1 0.0375 
Table A7 (continued) 
Satt368 Dla+Q 41.1 13.51 4 0.0090 18.16 4 
Satt321 Dla+Q 54.7 -3.92 2 0.1412 7.39 2 
Sattl 79 Dla+Q 67.8 11.74 4 0.0194 5.83 2 
Satt436 Dla+Q 89.3 29.30 6 0.0001 43.25 6 
Sattl 29 Dla+Q 118.2 3.95 2 0.1389 3.89 2 
Sattl47 Dla+Q 123.0 2.40 2 0.3008 5.92 2 
Satt216 Dlb+W 0.0 3.31 2 0.1909 9.52 3 
Sattl 57 Dlb+W 14.9 4.82 3 0.1857 38.10 4 
Satt266 Dlb+W 38.5 1.90 1 0.1681 17.26 1 
Sattl 41 Dlb+W 52.8 4.25 4 0.3734 10.84 4 
Satt506 Dlb+W 52.8 1.47 2 0.4797 3.23 3 
Satt546 Dlb+W 63.0 1.56 1 0.2118 0.03 1 
Satt274 Dlb+W 82.5 6.94 5 0.2252 10.11 6 
Satt459 Dlb+W 98.6 0.00 1 0.9741 5.65 1 
Satt271 Dlb+W 106.8 5.99 2 0.0501 3.24 2 
ScttOOS D2 0.0 0.97 1 0.3257 2.57 1 
Sattl 35 D2 34.7 1.70 2 0.4284 0.65 1 
Satt458 02 34.7 5.58 4 0.2326 37.36 5 
Satt582 D2 66.9 4.20 2 0.1225 4.72 2 
Satt389 02 93.8 4.08 4 0.3951 28.72 4 
Satt311 02 106.6 1.97 2 0.3740 24.65 2 
Satt082 D2 112.1 0.10 1 0.7495 17.87 1 
Satt301 02 121.8 4.33 2 0.1149 17.95 2 
Sattl 86 D2 139.1 4.51 4 0.3408 8.66 4 
Satt413 02 148.3 4.20 2 0.1224 4.48 2 
Satt256 02 154.8 0.34 1 0.5621 5.53 1 
Satt212 E 0.0 10.17 5 0.0706 14.34 5 
Satt213 E 12.3 4.22 4 0.3764 6.67 4 
Satt411 E 22.5 5.80 1 0.0160 3.48 3 
Satt598 E 43.5 2.64 1 0.1039 6.22 1 
Sat 124 E 64.4 23.04 13 0.0413 46.81 11 
0.0011 13.00 4 0.0113 8.75 4 0.0677 
0.0248 11.92 2 0.0026 4.35 2 0.1137 
0.0541 11.66 2 0.0029 0.55 2 0.7584 
0.0000 29.22 5 0.0000 33.14 6 0.0000 
0.1430 6.35 2 0.0418 5.56 2 0.0622 
0.0519 2.81 2 0.2458 4.34 2 0.1139 
0.0231 6.36 2 0.0416 7.28 2 0.0263 
0.0000 25.04 4 0.0000 24.10 3 0.0000 
0.0000 16.28 1 0.0001 7.06 1 0.0079 
0.0284 7.94 4 0.0940 10.34 4 0.0351 
0.3577 1.37 2 0.5047 2.84 3 0.4172 
0.8527 1.01 1 0.3141 1.80 1 0.1794 
0.1203 11.03 6 0.0874 3.93 5 0.5600 
0.0174 1.10 1 0.2944 7.44 1 0.0064 
0.1983 3.05 2 0.2179 2.93 2 0.2316 
0.1091 2.80 1 0.0944 0.79 1 0.3751 
0.4210 0.39 1 0.5334 0.39 1 0.5334 
0.0000 17.01 5 0.0045 48.96 5 0.0000 
0.0945 2.25 2 0.3244 11.96 2 0.0025 
0.0000 26.56 4 0.0000 22.58 4 0.0002 
0.0000 20.03 2 0.0000 11.47 2 0.0032 
0.0000 15.11 1 0.0001 8.79 1 0.0030 
0.0001 12.91 2 0.0016 9.94 2 0.0069 
0.0702 4.57 4 0.3347 7.29 4 0.1214 
0.1067 8.57 2 0.0137 6.06 2 0.0483 
0.0187 5.46 1 0.0195 1.97 1 0.1600 
0.0136 7.54 5 0.1835 10.17 5 0.0707 
0.1542 3.50 4 0.4778 3.75 4 0.4413 
0.3229 6.43 3 0.0924 0.02 1 0.8755 
0.0126 11.45 1 0.0007 0.28 1 0.5997 
0.0000 36.20 11 0.0002 31.26 11 0.0010 
Table A7 (continued) 
Satt491 E 85.2 
Satt204 E 100.6 
Satt355 E 102.2 
Sattl46 F 0.0 
Satt343 F 1.7 
Satt252 F 16.2 
Satt516 F 50.7 
Satt425 F 56.4 
Sattl 14 F 80.6 
Satt334 F 95.0 
Sat_120 F 113.3 
SattSIO F 114.8 
Satt335 F 126.2 
Sattl 44 F 157.8 
Sat_074 F 181.8 
Satt038 G 0.0 
Satt309 G 1.9 
Satt324 G 25.9 
Satt394 G 51.6 
Satt594 G 61.3 
Satt340 G 77.4 
Satt505 G 100.1 
Sattl 99 G 100.8 
Satt517 G 103.2 
Sat_l 17 G 138.4 
Sct_187 G 155.7 
Sattl 92 H 41.1 
Satt469 H 68.5 
Satt314 H 77.3 
Satt302 H 110.4 
Satt317 H 128.4 
0.83 3 0.8415 10.74 3 
0.34 3 0.9518 19.54 3 
0.44 2 0.8012 4.72 2 
4.81 4 0.3075 89.18 4 
5.43 5 0.3662 41.61 5 
11.45 2 0.0033 21.58 2 
0.92 2 0.6319 3.70 3 
1.98 3 0.5770 6.41 3 
5.49 5 0.3593 12.63 5 
4.93 1 0.0263 5.58 2 
22.07 7 0.0025 23.34 8 
2.56 2 0.2779 11.84 2 
0.11 1 0.7395 8.14 1 
2.46 1 0.1169 1.95 1 
15.16 7 0.0341 26.21 9 
3.38 3 0.3360 12.96 3 
118.48 10 0.0000 130.05 9 
5.81 2 0.0547 10.39 2 
8.04 2 0.0179 4.51 3 
6.45 3 0.0915 7.37 3 
0.26 1 0.6086 4.06 1 
3.19 3 0.3635 12.09 3 
7.64 1 0.0057 0.00 1 
6.79 3 0.0790 12.39 5 
1.09 3 0.7802 23.01 5 
n/a 2.64 1 
0.27 2 0.8746 14.76 2 
2.86 1 0.0910 18.27 1 
2.63 3 0.4527 4.55 3 
11.41 3 0.0097 18.76 3 
2.19 2 0.3341 1.18 2 
0.0132 6.00 3 0.1117 11.62 3 0.0088 
0.0002 7.12 3 0.0681 22.72 3 0.0000 
0.0943 6.25 2 0.0440 6.01 2 0.0496 
0.0000 53.05 4 0.0000 62.57 4 0.0000 
0.0000 21.07 5 0.0008 33.89 5 0.0000 
0.0000 16.56 2 0.0003 11.61 2 0.0030 
0.2963 4.70 3 0.1955 1.71 2 0.4246 
0.0931 4.03 3 0.2580 3.35 3 0.3413 
0.0272 15.51 5 0.0084 4.61 5 0.4656 
0.0615 4.43 1 0.0354 4.80 2 0.0906 
0.0029 27.13 7 0.0003 16.75 8 0.0328 
0.0027 7.23 2 0.0270 10.91 2 0.0043 
0.0043 3.21 1 0.0731 7.36 1 0.0067 
0.1621 0.63 1 0.4291 8.03 1 0.0046 
0.0019 23.23 8 0.0031 13.36 7 0.0637 
0.0047 5.64 3 0.1306 11.62 3 0.0088 
0.0000 96.73 8 0.0000 67.77 9 0.0000 
0.0056 5.33 2 0.0698 10.41 2 0.0055 
0.2115 4.38 3 0.2230 4.89 2 0.0866 
0.0610 1.66 3 0.6451 10.43 3 0.0152 
0.0438 1.92 1 0.1656 3.21 1 0.0731 
0.0071 10.00 3 0.0185 7.80 3 0.0503 
0.9599 1.42 1 0.2336 1.33 1 0.2490 
0.0298 16.03 5 0.0067 3.76 4 0.4388 
0.0003 13.24 4 0.0102 18.46 4 0.0010 
0.1043 3.88 1 0.0489 n/a 
0.0006 7.55 2 0.0229 10.74 2 0.0047 
0.0000 8.54 1 0.0035 14.20 1 0.0002 
0.2075 1.51 3 0.6802 6.70 3 0.0821 
0.0003 13.27 3 0.0041 9.33 3 0.0252 
0.5550 0.46 2 0.7955 1.15 2 0.5624 
Table A7 (continued) 
Satt434 H 152.4 22.31 4 0.0002 10.27 3 
Satt571 I 2.4 9.84 3 0.0199 9.67 3 
Sattl 27 I 15.5 2.66 2 0.2650 29.61 2 
Satt239 I 25.3 3.17 4 0.5299 19.60 5 
Satt270 I 57.9 3.35 3 0.3414 13.19 3 
Sattl 48 I 84.5 8.21 3 0.0419 38.83 3 
Satt440 I 114.2 1.18 2 0.5548 2.57 2 
Satt285 J 19.5 0.04 2 0.9812 1.08 2 
Satt596 J 63.6 12.81 5 0.0253 25.09 5 
Sattl 32 J 69.7 3.36 1 0.0669 16.62 1 
Satt529 J 74.4 6.50 3 0.0897 5.65 3 
Sct_001 J 75.8 0.02 1 0.9012 14.02 1 
Satt244 J 105.5 3.76 3 0.2891 52.06 5 
Satt431 J 118.0 2.09 5 0.8367 11.63 5 
Satt539 K 4.3 2.52 2 0.2840 5.38 2 
Sat_087 K 7.3 31.64 12 0.0016 18.02 10 
Sat_l 19 K 20.3 14.89 9 0.0940 59.85 10 
Sattl 78 K. 55.1 2.97 3 0.3962 5.74 3 
Satt544 K 72.8 12.14 4 0.0163 17.00 3 
Satt559 K 85.2 20.96 12 0.0510 39.07 15 
Satt273 K 120.0 17.81 5 0.0032 45.16 5 
Satt260 K 145.1 4.04 2 0.1328 53.48 3 
Sattl 96 K 164.8 9.30 1 0.0023 14.55 1 
Satt588 K 184.6 11.17 3 0.0109 33.07 4 
Satt495 L 4.5 0.12 1 0.7333 6.41 1 
Sattl 43 L 31.8 8.79 3 0.0322 8.30 2 
Satt523 L 32.4 11.32 2 0.0035 10.27 3 
Satt462 L 49.3 11.90 3 0.0077 29.56 3 
Sattl 56 L 65.8 1.76 2 0.4145 2.51 2 
Sat_099 L 89.4 5.61 4 0.2305 18.65 3 
Satt373 L 118.0 13.76 4 0.0081 23.33 4 
0.0164 7.97 3 0.0466 3.83 2 0.1475 
0.0216 6.91 3 0.0749 7.45 3 0.0588 
0.0000 24.48 2 0.0000 17.61 2 0.0002 
0.0015 17.16 4 0.0018 10.15 5 0.0711 
0.0042 4.96 3 0.1751 18.58 3 0.0003 
0.0000 25.77 3 0.0000 21.29 3 0.0001 
0.2767 7.62 2 0.0221 0.24 2 0.8856 
0.5823 0.89 2 0.6399 2.78 2 0.2488 
0.0001 12.07 5 0.0338 19.28 5 0.0017 
0.0000 7.07 1 0.0078 15.08 1 0.0001 
0.1300 3.67 3 0.3000 5.99 3 0.1120 
0.0002 7.35 1 0.0067 9.90 1 0.0017 
0.0000 30.95 4 0.0000 29.16 4 0.0000 
0.0403 8.36 5 0.1376 7.18 5 0.2079 
0.0680 6.48 2 0.0392 1.48 2 0.4767 
0.0547 34.74 10 0.0001 6.81 8 0.5575 
0.0000 25.80 9 0.0022 54.62 10 0.0000 
0.1250 3.11 3 0.3745 3.11 3 0.3745 
0.0007 22.31 3 0.0001 6.04 3 0.1095 
0.0006 33.09 14 0.0028 18.49 11 0.0709 
0.0000 40.08 5 0.0000 24.22 5 0.0002 
0.0000 30.78 3 0.0000 34.38 2 0.0000 
0.0001 12.22 1 0.0005 6.21 1 0.0127 
0.0000 21.33 4 0.0003 29.11 4 0.0000 
0.0114 0.43 1 0.5130 12.63 1 0.0004 
0.0158 19.48 2 0.0001 0.03 1 0.8558 
0.0164 6.81 2 0.0332 6.81 2 0.0332 
0.0000 16.76 3 0.0008 22.17 3 0.0001 
0.2849 1.33 2 0.5155 1.33 2 0.5155 
0.0003 11.48 3 0.0094 10.85 3 0.0125 
0.0001 6.86 4 0.1433 28.16 4 0.0000 
Table A7 (continued) 
Satt513 L 118.6 4.34 5 0.5014 8.36 4 0.0792 2.22 3 0.5274 10.19 4 0.0373 
Satt590 M 12.4 8.99 7 0.2533 36.10 7 0.0000 23.31 6 0.0007 22.16 7 0.0024 
Satt567 M 41.0 2.53 2 0.2820 11.33 1 0.0008 14.08 1 0.0002 2.80 1 0.0940 
Satt540 M 45.5 6.24 4 0.1822 22.98 5 0.0003 19.82 4 0.0005 13.81 5 0.0169 
Satt323 M 77.6 2.17 4 0.7047 13.83 4 0.0079 6.41 4 0.1707 11.97 4 0.0176 
Sattl75 M 91.1 1.22 4 0.8751 33.66 4 0.0000 22.19 4 0.0002 24.47 4 0.0001 
Satt306 M 106.0 0.00 1 0.9762 4.13 1 0.0422 2.28 1 0.1308 2.28 1 0.1308 
Sat_121 M 131.7 8.13 5 0.1491 48.89 6 0.0000 34.92 6 0.0000 33.09 5 0.0000 
Satt210 M 152.6 1.23 2 0.5410 13.70 2 0.0011 7.40 2 0.0247 8.69 2 0.0129 
Satt336 M 173.5 3.80 2 0.1492 9.33 2 0.0094 3.34 2 0.1881 9.62 2 0.0082 
Sattl 52 N 16.3 8.01 4 0.0914 30.60 5 0.0000 18.89 5 0.0020 17.51 4 0.0015 
Satt584 N 35.4 1.96 3 0.5808 13.12 3 0.0044 10.49 3 0.0149 8.56 3 0.0358 
Satt485 N 36.3 0.46 1 0.4955 15.99 1 0.0001 17.65 1 0.0000 5.59 1 0.0181 
Satt387 N 61.2 4.25 1 0.0393 30.36 1 0.0000 14.08 1 0.0002 25.18 1 0.0000 
Satt521 N 75.2 1.57 3 0.6665 6.79 4 0.1477 4.91 3 0.1786 5.25 4 0.2626 
Sat_091 N 95.5 5.34 4 0.2541 24.67 5 0.0002 18.72 5 0.0022 20.26 5 0.0011 
Satt358 0 2.4 3.41 3 0.3328 37.87 3 0.0000 20.61 3 0.0001 28.03 3 0.0000 
Satt487 0 5.7 12.17 4 0.0161 2.97 4 0.5620 3.36 4 0.4993 5.81 4 0.2139 
SattSOO 0 10.9 23.20 3 0.0000 48.55 3 0.0000 30.07 3 0.0000 29.90 3 0.0000 
Satt445 0 25.0 12.55 7 0.0839 15.99 7 0.0252 8.18 7 0.3168 11.32 7 0.1253 
Satt259 0 37.7 5.92 3 0.1155 24.86 3 0.0000 16.28 3 0.0010 16.52 3 0.0009 
Satt479 0 68.4 3.20 3 0.3615 53.44 4 0.0000 33.55 3 0.0000 33.10 4 0.0000 
Satt478 0 81.7 2.79 5 0.7325 21.89 6 0.0013 13.54 5 0.0188 14.88 6 0.0212 
Satt477 0 103.8 4.10 2 0.1289 32.83 2 0.0000 18.45 2 0.0001 18.45 2 0.0001 
Satt592 0 120.5 2.93 2 0.2310 28.92 2 0.0000 15.72 2 0.0004 17.66 2 0.0001 
Satt331 0 127.9 0.00 1 0.9539 4.21 1 0.0401 2.34 1 0.1261 2.34 1 0.1261 
Sat_038 0 153.3 7.28 7 0.4008 11.93 7 0.1029 8.82 7 0.2657 5.02 7 0.6575 
Sat 108 0 164.5 9.28 4 0.0545 4.80 3 0.1874 4.10 3 0.2511 2.90 3 0.4075 
f F = original parents, COH = highest-yielding CO lines used to form the CI population, C4H = highest-yielding C4 lines, C4L = 
lowest-yielding lines, and C4HL = highest- and lowest-yielding C4 lines from API4. 
$ LG = linkage group. 
§ Markers that had P < 0.001 for the G-test for no difference in allele frequency between two groups are in bold. 
Table AS. Intra-population comparisons of SSR allele frequency changes between the highest-yielding CO lines and C4 lines in 
soybean population AP14. 
COH vs. C4HL1 COH vs. C4H COH vs. C4L C4H vs. C4L 
Marker LG* Position G-value df Prob(G)5 G-value df Prob(G) G-value df Prob(G) G-value df Prob(G) 
Satt276 A1 5.1 1.49 1 0.2215 0.10 1 0.7579 4.13 1 0.0422 2.52 1 0.1124 
Sattl 65 A1 14.6 6.82 3 0.0778 5.71 3 0.1264 4.72 3 0.1932 2.55 2 0.2800 
Satt471 A1 19.1 9.56 2 0.0084 3.36 2 0.1862 12.45 2 0.0020 4.49 2 0.1060 
Sattl 55 A1 28.5 3.04 2 0.2191 n/a 5.28 2 0.0713 4.66 2 0.0971 
SattOSO A1 44.4 2.25 2 0.3250 7.80 2 0.0202 2.59 2 0.2741 12.86 2 0.0016 
Satt385 A1 69.9 17.79 3 0.0005 11.23 3 0.0105 11.23 3 0.0105 n/a 
Satt545 A1 75.3 12.05 4 0.0170 6.14 3 0.1048 11.99 3 0.0074 3.92 3 0.2707 
Satt599 A1 83.2 4.24 1 0.0394 1.33 1 0.2487 6.50 1 0.0108 2.16 1 0.1415 
Satt225 A1 87.3 9.94 2 0.0070 11.37 2 0.0034 4.52 2 0.1045 2.82 2 0.2448 
Satt390 A2 8.6 1.91 1 0.1667 1.39 1 0.2385 1.39 1 0.2385 n/a 
Satt493 A2 23.3 3.04 3 0.3851 3.64 3 0.3037 2.58 3 0.4609 4.15 2 0.1254 
Sattl 87 A2 50.0 0.25 2 0.8804 3.17 2 0.2048 1.58 2 0.4543 6.61 2 0.0368 
Satt424 A2 61.7 12.64 4 0.0132 2.74 3 0.4335 19.35 4 0.0007 9.42 3 0.0242 
Sat_129 A2 78.3 4.03 4 0.4026 3.13 4 0.5358 7.43 4 0.1148 9.50 3 0.0233 
Satt327 A2 108.7 11.11 1 0.0009 6.02 1 0.0141 9.18 1 0.0025 0.27 1 0.6003 
Satt455 A2 138.2 13.94 1 0.0002 13.28 1 0.0003 7.97 1 0.0048 0.64 1 0.4227 
Satt409 A2 154.7 9.42 2 0.0090 4.50 2 0.1054 8.98 2 0.0112 1.17 1 0.2790 
Satt378 A2 175.2 23.73 4 0.0001 20.88 4 0.0003 13.03 4 0.0111 1.79 1 0.1804 
Satt429 A2 184.0 35.60 3 0.0000 21.54 3 0.0001 28.31 3 0.0000 2.48 3 0.4782 
Satt426 B1 22.5 3.13 3 0.3718 5.73 3 0.1257 1.84 2 0.3983 5.16 3 0.1606 
Satt509 B1 26.7 3.65 3 0.3017 0.87 2 0.6480 6.07 3 0.1084 4.44 2 0.1087 
Satt251 B1 34.9 1.32 1 0.2509 0.18 1 0.6756 2.18 1 0.1400 0.97 1 0.3255 
Sattl 97 B1 39.0 1.94 3 0.5854 3.26 3 0.3537 2.61 3 0.4560 5.49 3 0.1391 
Sct_026 B1 71.6 12.18 1 0.0005 1.35 1 0.2455 27.73 1 0.0000 16.65 1 0.0000 
Satt444 B1 76.4 2.77 2 0.2504 3.29 2 0.1926 0.78 1 0.3775 2.39 1 0.1221 
Satt359 B1 92.1 0.53 1 0.4648 0.29 1 0.5925 6.57 1 0.0104 8.29 1 0.0040 
Satt453 B1 117.3 0.05 1 0.8235 0.75 1 0.3876 0.61 1 0.4329 2.27 1 0.1317 
Satt577 B2 0.0 9.84 3 0.0199 7.67 3 0.0534 5.99 3 0.1119 0.77 3 0.8559 
Sattl 26 B2 29.9 1.56 2 0.4577 0.89 2 0.6400 1.17 2 0.5579 0.26 1 0.6099 
Sattl 68 B2 55.8 21.92 3 0.0001 18.85 3 0.0003 18.24 3 0.0004 7.70 2 0.0213 
Satt304 B2 69.3 11.94 2 0.0026 2.47 2 0.2913 19.16 2 0.0001 8.46 2 0.0145 
Table A8 (continued) 
Satt066 B2 97.3 4.57 3 0.2059 0.38 3 
Satt063 B2 113.1 3.16 1 0.0753 2.73 1 
Satt560 B2 132.7 3.75 2 0.1532 4.44 2 
Satt565 Cl 0.0 25.63 2 0.0000 24.97 2 
SOYGPATR Cl 21.0 24.40 2 0.0000 25.10 2 
Sattl 94 Cl 30.2 4.65 4 0.3247 8.40 2 
Satt578 Cl 74.0 1.65 2 0.4380 1.23 2 
Sat_085 Cl 96.5 90.09 7 0.0000 59.39 6 
Sattl 90 Cl 99.0 47.18 3 0.0000 27.81 3 
Satt294 Cl 105.4 11.44 4 0.0220 19.27 3 
Satt338 Cl 173.0 9.84 3 0.0200 13.51 3 
Sattl 64 Cl 180.9 11.23 3 0.0105 10.23 3 
Sat_062 C2 29.2 7.91 5 0.1612 7.83 5 
Satt520 C2 45.9 5.05 2 0.0801 1.18 2 
Satt322 C2 84.6 6.82 1 0.0090 10.92 1 
Satt363 C2 127.6 21.22 1 0.0000 13.20 1 
Satt277 C2 138.8 6.61 4 0.1579 7.30 4 
Satt319 C2 145.8 5.61 2 0.0606 3.47 2 
Satt307 C2 168.3 3.80 4 0.4336 3.11 4 
Satt371 C2 188.7 6.68 4 0.1537 4.58 4 
Satt357 C2 193.5 2.89 1 0.0892 1.82 1 
Sattl 84 Dla+Q 8.3 7.34 3 0.0618 5.42 3 
Satt368 Dla+Q 41.1 0,03 1 0.8580 0.19 1 
Satt321 Dla+Q 54.7 0.90 2 0.6381 2.79 2 
Sattl79 Dla+Q 67.8 16.18 4 0.0028 16.61 4 
Satt436 Dla+Q 89.3 6.52 6 0.3678 2.99 5 
Sattl 29 Dla+Q 118.2 10.31 2 0.0058 12.84 2 
Sattl47 Dla+Q 123.0 0.58 1 0.4462 0.13 1 
Satt216 Dlb+W 0.0 1.99 3 0.5737 3.62 3 
Sattl 57 Dlb+W 14.9 29.12 4 0.0000 22.39 4 
Satt266 Dlb+W 38.5 5.54 1 0.0185 7.83 1 
Sattl41 Dlb+W 52.8 7.18 3 0.0665 8.33 3 
Satt506 Dlb+W 52.8 0.82 2 0.6648 0.12 1 
Satt546 Dlb+W 63.0 1.11 1 0.2920 0.02 1 
Satt274 Dlb+W 82.5 5.16 6 0.5240 4.04 5 
0.9444 10.30 3 0.0162 6.07 3 0.1085 
0.0982 1.93 1 0.1648 0.09 1 0.7617 
0.1087 1.39 2 0.4988 0.81 2 0.6680 
0.0000 14.76 2 0.0006 1.77 2 0.4117 
0.0000 13.01 2 0.0015 2.25 2 0.3250 
0.0150 2.67 4 0.6142 7.42 4 0.1152 
0.5418 2.99 2 0.2244 3.70 1 0.0545 
0.0000 82.56 7 0.0000 10.49 4 0.0330 
0.0000 35.81 3 0.0000 3.73 2 0.1549 
0.0002 6.90 4 0.1414 13.56 4 0.0088 
0.0037 9.77 3 0.0206 17.85 2 0.0001 
0.0167 9.76 3 0.0207 5.70 3 0.1273 
0.1658 9.88 5 0.0787 11.99 4 0.0175 
0.5533 10.72 2 0.0047 6.29 2 0.0431 
0.0010 1.83 1 0.1758 3.89 1 0.0485 
0.0003 13.20 1 0.0003 n/a 
0.1208 13.00 2 0.0015 17.05 4 0.0019 
0.1765 3.47 2 0.1765 n/a 
0.5400 3.75 4 0.4414 3.23 2 0.1988 
0.3332 6.63 4 0.1567 3.78 3 0.2860 
0.1778 1.72 1 0.1901 n/a 
0.1433 7.84 3 0.0494 5.53 3 0.1370 
0.6626 0.51 1 0.4767 1.17 1 0.2790 
0.2474 3.94 2 0.1397 8.78 2 0.0124 
0.0023 8.40 4 0.0781 5.74 2 0.0566 
0.7013 7.38 6 0.2873 4.58 5 0.4698 
0.0016 6.22 2 0.0447 10.88 1 0.0010 
0.7157 0.91 1 0.3412 0.33 1 0.5655 
0.3060 0.86 2 0.6498 4.78 3 0.1889 
0.0002 19.93 3 0.0002 2.95 3 0.3996 
0.0051 1.81 1 0.1781 2.27 1 0.1317 
0.0396 4.20 2 0.1222 7.30 3 0.0630 
0.7240 1.32 2 0.5177 1.22 2 0.5431 
0.8878 4.49 1 0.0340 3.70 1 0.0545 
0.5432 3.83 5 0.5745 4.85 5 0.4349 
Table A8 (continued) 
Satt459 Dlb+W 98.6 3.40 1 0.0651 0.75 1 
Satt271 Dlb+W 106.8 3.82 1 0.0507 6.97 1 
ScttOOS D2 0.0 0.17 1 0.6767 0.52 1 
Sattl 35 02 34.7 2.09 2 0.3510 1.33 2 
Satt458 D2 34.7 17.64 4 0.0014 12.14 4 
Satt582 02 66.9 9.53 1 0.0020 0.18 1 
Satt389 02 93.8 15.07 4 0.0046 17.97 4 
Satt311 D2 106.6 12.48 1 0.0004 12.54 1 
Satt082 D2 112.1 10.25 1 0.0014 9.84 1 
Satt301 D2 121.8 18.70 2 0.0001 14.31 2 
Sattl 86 D2 139.1 11.08 3 0.0113 3.90 2 
Satt413 02 148.3 11.13 2 0.0038 9.15 2 
Satt256 02 154.8 6.03 1 0.0140 6.21 1 
Satt212 E 0.0 2.32 3 0.5089 0.91 3 
Satt411 E 22.5 2.77 3 0.4292 2.50 3 
Satt598 E 43.5 12.66 1 0.0004 17.96 1 
Sat_124 E 64.4 35.49 9 0.0000 30.33 9 
Satt491 E 85.2 6.08 2 0.0478 3.91 2 
Satt204 E 100.6 12.12 3 0.0070 4.17 3 
Satt355 E 102.2 3.66 2 0.1606 6.72 2 
Sattl46 F 0.0 47.27 4 0.0000 32.60 4 
Satt343 F 1.7 30.42 4 0.0000 18.75 4 
Satt252 F 16.2 3.39 2 0.1836 5.58 2 
Satt516 F 50.7 2.53 3 0.4697 2.95 3 
Satt425 F 56.4 1.33 1 0.2491 1.23 1 
Sattl 14 F 80.6 2.69 2 0.2608 6.53 2 
Satt334 F 95.0 2.28 2 0.3192 0.02 1 
Sat_120 F 113.3 15.95 9 0.0679 12.60 7 
SattSIO F 114.8 4.65 2 0.0976 5.14 2 
Satt335 F 126.2 7.57 1 0.0059 3.49 1 
Sattl 44 F 157.8 7.02 1 0.0081 0.25 1 
Sat_074 F 181.8 10.55 6 0.1035 9.01 5 
Satt038 G 0.0 6.43 3 0.0923 4.83 3 
Satt309 G 1.9 10.89 6 0.0918 4.89 4 
Satt324 G 25.9 6.46 2 0.0395 6.35 2 
0.3878 5.15 1 0.0232 1.89 1 0.1697 
0.0083 0.31 1 0.5770 3.62 1 0.0572 
0.4690 n/a 0.46 1 0.4981 
0.5148 1.33 2 0.5148 0.00 1 0.9961 
0.0163 30.18 4 0.0000 22.94 4 0.0001 
0.6757 20.22 1 0.0000 14.52 1 0.0001 
0.0013 15.40 3 0.0015 13.08 4 0.0109 
0.0004 5.98 1 0.0145 1.12 1 0.2894 
0.0017 5.44 1 0.0197 0.59 1 0.4416 
0.0008 11.63 2 0.0030 0.17 2 0.9188 
0.1426 11.84 3 0.0080 4.24 2 0.1199 
0.0103 14.30 2 0.0008 10.63 2 0.0049 
0.0127 2.82 1 0.0932 0.70 1 0.4044 
0.8224 3.58 3 0.3099 1.85 3 0.6038 
0.4753 4.32 1 0.0377 4.61 3 0.2027 
0.0000 3.20 1 0.0738 5.51 1 0.0189 
0.0004 25.63 7 0.0006 12.30 6 0.0557 
0.1414 9.46 2 0.0088 7.66 2 0.0218 
0.2436 16.92 3 0.0007 7.69 3 0.0528 
0.0347 3.14 2 0.2080 9.82 2 0.0074 
0.0000 37.54 3 0.0000 6.84 3 0.0771 
0.0009 22.19 4 0.0002 4.91 3 0.1783 
0.0614 0.40 1 0.5248 2.93 2 0.2306 
0.3995 2.20 2 0.3336 3.49 3 0.3222 
0.2669 0.67 1 0.4123 0.09 1 0.7672 
0.0382 2.36 2 0.3075 9.14 2 0.0104 
0.8948 4.44 2 0.1088 3.88 2 0.1434 
0.0824 22.87 8 0.0035 26.55 7 0.0004 
0.0764 4.56 2 0.1025 3.95 2 0.1384 
0.0618 7.33 1 0.0068 0.70 1 0.4044 
0.6142 14.17 1 0.0002 8.58 1 0.0034 
0.1085 13.71 5 0.0175 16.10 6 0.0132 
0.1843 4.52 3 0.2110 3.02 1 0.0821 
0.2990 13.34 6 0.0380 10.43 4 0.0338 
0.0417 3.98 2 0.1366 3.06 2 0.2160 
Table AS (continued) 
Satt394 G 51.6 13.53 3 0.0036 8.16 3 
Satt594 G 61.3 19.89 3 0.0002 8.50 3 
Satt340 G 77.4 1.49 1 0.2223 0.70 1 
SattiOS G 100.1 6.05 2 0.0485 3.71 2 
Sattl 99 G 100.8 7.33 1 0.0068 1.44 1 
Satt517 G 103.2 10.45 5 0.0635 10.98 4 
Sat_117 G 138.4 13.78 5 0.0170 8.07 4 
Sct_187 G 155.7 1.50 1 0.2210 2.58 1 
Sattl 92 H 41.1 7.26 2 0.0265 4.00 2 
Satt469 H 68.5 4.67 1 0.0307 1.88 1 
Satt314 H 77.3 0.09 1 0.7667 0.94 1 
Satt302 H 110.4 8.83 1 0.0030 9.59 1 
Satt317 H 128.4 3.48 1 0.0621 1.37 1 
Satt434 H 152.4 7.05 3 0.0704 4.50 3 
Satt571 I 2.4 17.36 3 0.0006 14.77 3 
Sattl 27 I 15.5 9.42 2 0.0090 8.82 2 
Satt239 I 25.3 13.62 5 0.0182 11.68 4 
Satt270 I 57.9 4.61 3 0.2027 5.92 3 
Sattl 48 I 84.5 18.12 3 0.0004 16.11 3 
Satt440 I 114.2 5.52 2 0.0633 10.60 2 
Satt285 J 19.5 0.48 2 0.7864 0.55 2 
Satt596 J 63.6 4.21 3 0.2399 1.27 3 
Sattl 32 J 69.7 2.91 1 0.0879 0.79 1 
Satt529 J 74.4 0.81 2 0.6672 0.61 1 
Sct_001 J 75.8 9.53 1 0.0020 5.57 1 
Satt244 J 105.5 31.15 4 0.0000 19.93 3 
Satt431 J 118.0 9.25 4 0.0550 6.69 4 
Satt539 K 4.3 0.12 1 0.7307 1.23 1 
Sat_087 K 7.3 23.08 10 0.0104 27.94 10 
Sat_119 K 20.3 27.16 7 0.0003 10.49 6 
Sattl 78 K 55.1 7.84 2 0.0199 4.84 2 
Satt544 K 72.8 6.69 4 0.1534 8.98 4 
Satt559 K 85.2 23.57 9 0.0050 32.00 9 
Satt273 K 120.0 5.11 3 0.1640 10.68 3 
Satt260 K 145.1 23.99 3 0.0000 15.93 3 
0.0427 13.85 2 0.0010 5.41 3 0.1443 
0.0367 20.53 3 0.0001 3.56 3 0.3125 
0.4043 1.45 1 0.2280 0.12 1 0.7249 
0.1562 7.06 2 0.0293 6.70 1 0.0097 
0.2304 10.90 1 0.0010 3.81 1 0.0511 
0.0268 9.23 4 0.0557 11.57 5 0.0412 
0.0889 12.61 4 0.0134 9.17 4 0.0569 
0.1084 n/a 2.27 1 0.1317 
0.1353 6.30 2 0.0428 0.46 2 0.7963 
0.1705 5.33 1 0.0209 0.94 1 0.3335 
0.3334 2.34 1 0.1264 5.51 1 0.0189 
0.0020 3.86 1 0.0494 1.24 1 0.2657 
0.2413 3.91 1 0.0480 0.59 1 0.4416 
0.2122 6.47 3 0.0909 1.91 2 0.3846 
0.0020 12.12 3 0.0070 3.06 3 0.3827 
0.0121 6.44 2 0.0401 6.40 2 0.0407 
0.0199 8.86 5 0.1149 2.48 4 0.6478 
0.1155 5.91 2 0.0520 11.53 3 0.0092 
0.0011 9.21 3 0.0267 2.28 1 0.1310 
0.0050 0.94 2 0.6244 5.92 2 0.0518 
0.7614 2.08 2 0.3536 2.63 2 0.2691 
0.7360 5.95 3 0.1142 2.28 3 0.5160 
0.3739 3.98 1 0.0459 1.09 1 0.2972 
0.4329 1.86 2 0.3947 3.04 2 0.2190 
0.0183 7.43 1 0.0064 0.06 1 0.8077 
0.0002 20.50 3 0.0001 7.75 2 0.0208 
0.1529 7.81 4 0.0989 2.59 3 0.4598 
0.2675 0.24 1 0.6261 2.46 1 0.1171 
0.0018 20.12 9 0.0172 31.88 6 0.0000 
0.1056 34.79 7 0.0000 12.69 6 0.0483 
0.0887 4.84 2 0.0887 n/a 
0.0615 6.17 4 0.1868 11.23 2 0.0037 
0.0002 8.79 5 0.1176 17.79 8 0.0229 
0.0136 3.31 3 0.3462 8.72 3 0.0332 
0.0012 15.53 2 0.0004 3.14 2 0.2081 
Table A8 (continued) 
Sattl 96 K 164.8 0.07 1 0.7911 0.47 1 
Satt588 K 184.6 13.66 4 0.0085 10.71 4 
Satt495 L 4.5 6.24 1 0.0125 0.74 1 
Sattl 43 L 31.8 10.60 3 0.0141 17.53 3 
Satt523 L 32.4 9.38 3 0,0246 6.61 2 
Satt462 L 49.3 6.09 3 0.1071 3.32 3 
Sat_099 L 89.4 8.90 3 0.0307 4.65 2 
Satt373 L 118.0 2.18 2 0.3364 1.34 1 
Satt513 L 118.6 3.85 5 0.5711 2.98 5 
Satt590 M 12.4 18.60 5 0.0023 14.32 4 
Satt567 M 41.0 4.17 2 0.1245 6.17 2 
Satt540 M 45.5 12.45 5 0.0291 14.18 4 
Satt323 M 77.6 9.60 2 0.0082 4.70 2 
Sattl75 M 91.1 22.83 4 0.0001 15.71 4 
Satt306 M 106.0 2.95 1 0.0860 1.82 1 
Sat_121 M 131.7 30.39 5 0.0000 28.69 5 
Satt210 M 152.6 5.36 2 0.0685 3.15 2 
Satt336 M 173.5 0.77 1 0.3793 0.02 1 
Sattl# N 16.3 9.99 4 0.0406 8.08 4 
Satt584 N 35.4 5.99 2 0.0500 7.08 2 
Satt485 N 36.3 8.13 1 0.0043 11.81 1 
Satt387 N 61.2 8.69 1 0.0032 3.37 1 
Satt521 N 75.2 6.87 4 0.1429 6.64 3 
Sat_091 N 95.5 7.97 5 0.1579 8.50 5 
Satt358 0 2.4 23.61 3 0.0000 13.81 3 
Satt487 0 5.7 18.16 4 0.0011 14.78 4 
SattSOO O 10.9 7.26 2 0.0266 6.69 2 
Satt445 0 25.0 18.73 6 0.0047 13.44 6 
Satt259 0 37.7 26.65 3 0.0000 18.08 3 
Satt479 0 68.4 44.59 4 0.0000 28.95 3 
Satt478 0 81.7 13.84 5 0.0167 10.19 4 
Satt477 o 103.8 11.84 1 0.0006 7.50 1 
Satt592 0 120.5 14.90 2 0.0006 10.53 2 
Satt331 0 127.9 2.95 1 0.0860 1.82 1 
Sat_038 0 153.3 4.91 1 0.0266 6.29 1 
Sat 108 0 164.5 4.55 3 0.2082 3.65 3 
0.4916 0.05 1 0.8281 0.71 1 0.3990 
0.0301 17.36 4 0.0016 11.56 4 0.0209 
0.3908 12.25 1 0.0005 6.19 1 0.0129 
0.0005 4.83 3 0.1845 13.39 2 0.0012 
0.0367 6.61 2 0.0367 4.44 2 0.1089 
0.3452 8.50 3 0.0367 5.73 2 0.0569 
0.0978 7.07 3 0.0697 2.27 1 0.1317 
0.2474 7.61 2 0.0223 11.43 2 0.0033 
0.7028 4.15 5 0.5275 4.29 3 0.2315 
0.0063 12.82 5 0.0251 2.83 4 0.5872 
0.0457 1.23 2 0.5410 3.31 1 0.0687 
0.0068 6.62 5 0.2504 6.49 5 0.2610 
0.0955 10.75 2 0.0046 2.47 2 0.2915 
0.0034 19.74 4 0.0006 3.93 4 0.4155 
0.1778 1.82 1 0.1778 n/a 
0.0000 20.13 3 0.0002 11.60 4 0.0206 
0.2069 3.77 2 0.1520 0.59 1 0.4436 
0.8982 2.95 1 0.0858 2.27 1 0.1317 
0.0888 5.29 3 0.1519 2.66 2 0.2646 
0.0291 4.15 2 0.1258 3.96 2 0.1384 
0.0006 2.59 1 0.1073 3.70 1 0.0545 
0.0662 10.45 1 0.0012 2.27 1 0.1317 
0.0841 3.80 3 0.2834 3.53 3 0.3165 
0.1309 7.23 4 0.1242 6.21 5 0.2865 
0.0032 19.22 3 0.0002 1.86 2 0.3939 
0.0052 10.66 3 0.0137 9.34 2 0.0094 
0.0353 4.27 1 0.0388 1.29 2 0.5235 
0.0366 12.62 5 0.0272 1.72 4 0.7863 
0.0004 19.23 3 0.0002 6.63 2 0.0363 
0.0000 29.12 4 0.0000 11.41 3 0.0097 
0.0373 10.37 5 0.0654 5.30 4 0.2582 
0.0062 7.50 1 0.0062 n/a 
0.0052 9.53 1 0.0020 2.52 1 0.1124 
0.1778 1.82 1 0.1778 n/a 
0.0121 1.18 1 0.2773 1.71 1 0.1916 
0.3012 4.21 3 0.2393 3.01 2 0.2218 
f COH = highest-yielding CO lines used to form the CI population of API 4, C4H = highest-yielding C4 lines from API 4, C4L 
lowest-yielding lines from AP14, and C4HL = highest- and lowest-yielding C4 lines from API4. 
î LG = linkage group. 










Figure Al. Plot of the first three principal components based on SSR marker genotypes 
of the original parents of AP10, AP12, and AP14 soybean populations. PI (P) and elite 






Figure A2. Plot of the first three principal components based on SSR marker genotypes 
of the highest-yielding CO lines of AP10 and API 4 soybean populations. PI (P) and 





Figure A3. Plot of the first three principal components based on SSR marker genotypes 
of the highest-yielding C4 lines of AP10, API 2, and API 4 soybean populations. Lines 
are 100% PI parentage (P), 50% (C), or 0% (E) and are numbered as in Table 1. 
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PCI 
E182, E185, E191, E192 
PC3 
PC2 
Figure A4. Plot of the first three principal components based on SSR marker genotypes 
of the highest- and lowest-yielding C4 lines of API 0 and API 4 soybean populations. PI 
(P) and elite (E) lines are numbered as in Table 1. 
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Figure A5. Dendrogram based on Nei's Genetic Distance of the highest- and lowest-yielding 




liî? # L & -
". A Jjnii ii Sfrjr!: " J>+ * •• ."Huà !i*; >"• i Jj>lr4ri i 
\ ~-vk ~ ^W.i \-v-7<r -i -VA-.Ç IsCb v <W5i ': • \ • VJB * •" H 8» . », V » .» a •• I • 
»•* IBM m m * 8* W am „*r 
tVW* iM^^.l"" W I* 
•* hu - i .• TV." •• » •V.hv £»*; 
-appiy-: irVwi'tthL-inl'ii mm*irni'm'ifim-mf# 1" •;;-|«> ?*•«**£«•••*••••*<•••• 
CliCv'-Wliâi: 
• •."•i: .ji"TJw:r^ww:k:^MJfc:Ki;T::--,:i A . 
^ ..." .• .< . i . » 1JP i •• * • ;, A" ' % . 
M-KffSKf: 
^ -'••>• r Ah •--• 
* E 
„ y to f. _ 
.... • i '» - - • v » •• „ ~ • <•.•&•• g™XuBA ^|"l( l-kv, UN _' *J.«I« f .• 
NçP 5- .'JW P\" n ". « A<%! V4i>li..Y - *' • . SFV H —<, . 
-'i'aw.V'JiViiffisMJsgf;»-• 
r.'i Te ~ i, .A-ir; v-5 s%4&, 
jlw 
"V-.,'"s. ^ Sîï 




Prob. (G) §< 0.001 <0.01 <0.05 
>0.05 
Figure A6. Gametic phase disequilibrium in the original parents (left) and the highest- and lowest-yielding C4 lines (right) of 
APIO soybean population. 
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Figure A7. Gametic phase disequilibrium in the original parents (left) and the highest-yielding C4 lines (right) of API 2 soybean 
population. 
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Figure A8. Gametic phase disequilibrium in the original parents (left) and the highest- and lowest-yielding C4 lines (right) of 
API4 soybean population. 
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Figure A12. Number of SSR loci pairs that were in gametic phase disequilibrium at different 
significance levels in APIO, API2, and API4 soybean populations. Significance code 1 = P 
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Figure A10. Significance levels for each linkage group from a simulation of allele flow with 
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Figure A10 (continued) 
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Figure Al 1. Significance levels for each linkage group from a simulation of allele flow with 
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Figure Al 1 (continued) 
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Figure A12. Significance levels from a breeding bias analysis of AP14C4H as the elites and 
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Figure A13. Significance levels for each linkage group from a simulation of allele flow with 
the highest-yielding C4 lines as the elites and the highest-yielding CO lines as the ancestors in 
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Figure A14. Significance levels for each linkage group from a simulation of allele flow with 
the highest-yielding C4 lines as the elites and the highest-yielding CO lines as the ancestors 
of soybean population API4. 
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Figure Al 4 (continued) 
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